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NOTICES 


Associate Fellowship Examination 
As insufficient entries have been received for the Associate Fellowshi, 
Examination, it has been decided not to hold it this year. 


Extension of the Activities of the Society 
Members are reminded that an informal meeting will be held on Tuesday, 
September 15th, at 7.0 p.m., to discuss the proposed extension of the Society's 


activities as outlined on page 3909 of the August issue of the Journal. 


R38 Memorial Prize. 


Fourth Year. Regulations. 


be 


From the income of the above fund, a sum of twenty-five guineas will 
offered as a prize for the best paper received by the Royal .\eronautical Society 
on some subject of a technical nature in the science of aeronautics. Other things 
being equal, preference will be given to papers which relate to airships. 

The prize is open to international competition. The Royal Aeronautical 
Society retains the right to withhold the prize in any vear if it is considered that 
no paper is of sufficient merit to justify the award. 

i Intending competitors should send their names to the Secretary of the Royal 

F Aeronautical Society, 7, Whemarle Street, London, Wat, on or before December 

gist, 1925, with such information in regard to the projected scope of their papers 
as will enable arrangements to be made for their examination. The closing date 
for the receipt of papers will be March 31st, 1g26. 

Papers, which must be submitted in either French or English, should in all 

cases be typed, and a copy should be retained by the author, as the Society can 
take no responsibility for the loss of copies submitted to it. 

Successful papers will become the absolute property of the Society and will 
in most instances be published in the JouRNAL oF THE AERONAUTICAL 
Socmery. A signed undertaking must accompany each paper to the effect that 
publication has not already taken place and that the author will not communicate 
it elsewhere until the Society’s award is published. 

The Society attaches special importance to papers showing original work, 
and due acknowledgment must be made by the author of the source of any special 
information. 


Edward Busk Memorial Prize 


Regulations. 


i From the income of the above fund, a sum of twenty guineas will be offered 


i 
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as a prize for the best paper received by the Royal \eronautical Society on some 
subject of a technical nature in connection with aeroplanes (including seaplanes), 

The prize is open to international competition, The Royal Aeronautica! 
Society retains the right to withhold the prize in any year if it is considered that 
no paper is of sufficient merit to justify an award. 


Intending competitors should send their names to the Secretary of the Roya! 


\eronautical Society, 7, Albemarle Street, London, W.1, on or before September | 


30th, 1925, with such information in regard to the projected scope of their papers 
is will enable arrangements to be made for their examination. The closing’ date 
for the receipt of papers will be December 31st, 1925. 


Papers, which must be submitted in either French or English, should in ai! 


~ 


cases be typed, and a-copy should be retained by the author, as the Society ean 


take no responsibility for the loss of copies submitted to it. 
Successful papers will become the absolute property of the Society, and will 
in most instances be published in the JourNAL oF THE RoyaL AERONAUTICAL 


Society. A signed undertaking must accompany each paper to the effect that | 
publication has not already taken place and that the author will not communicate | 


it elsewhere until the Society's award is published. 


The Society attaches special importance to papers showing original work, 


and due acknowledgment must be made by the author to the source of any special 
information. 


Library 

The following books have recently been received and placed in the Library — 
Manual of Rigging for Aircraft Particulars of Electrical Equipment 
used in Aireraft R.A.F. Field Service Pocket Book ** Critical Velocits 


of Flow Past Objects of Aerofoil Section,’ E. G. Richardson; ** Burma Forest | 


Bulletin,’’ No. 11, R. C. Kemp; ““ The R.A.F. as a Career ’’; ‘‘ Jane’s All the 
World’s Aireraft, 1925,°’ C. G. Grey; ** Report of the Proceedings of the First 
International Congress for Applied Mechanics,’* Prof. Ir. C. B. Biezeno and 
Prof. Dr. J. M. Burgers; ‘* Ricordi Di Idro Aviazione, 1909-1921 **; *‘* Leicht- 
Flugzeugbau,”’ Dr. Ing. G. Lachmann, 


Lecture Session, 1925 

The following is the first half of the programme of lectures for next Session, 
‘so far as at present arranged. All the Jectures will be held in the Society's Library, 
at 7, Albemarle Street, except that on Tuesday, November 3rd, a joint lecture 
with the Institution of Automobile Engineers, which will take place at the Roya! 


Society of Arts, John Street, Adelphi, W.C.2. Advance copies of all lectures | 


may be obtained from the Secretary, price 6d. each or 5/- for the whole series. 


Oct. 1, 5.30. Air Vice-Marshal Sir W. Brancker, K.C.B., A.F.C, | 


F.R.Ae.S., ** The Technical Lessons of Five Years of 
Air Transport.” 
15, 5-30. Major C. K. Cochran-Patrick, D.S.O., M.C., ‘* \ircraft 
Survey in Burma.”’ 
5-30. Mr. W. L. Cowley, ** Aireraft Transport Economy.”’ 
*Nov. 3, 7-0. Sir Dugald Clerk, K.B.E., F.R.S., D.Se., M.1.Mech.E., 
M.Inst.C.E., F.R.Ae.S., Supercharging.”’ 
»» 12, 5.30. Mr. H. B. Howard, A.F.R.Ae.S., ‘* Some Problems in Aero 
plane Structural Design.”’ 
»» 26, 5.30. Mr. A. H. R. Fedden, F.R.Ae.S., ** Installation Problems in 
Air-Cooled Engines.”’ 


*Turspay, at the Royal Society of Arts, 7 p.m. 
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Dec. 3, 5-30. Professor B. Melvill Jones, A.F.C., A.F.R.Ae.S., ‘‘ The Con- 
trol of Stalled Aeroplanes.” 

10, 5-30. Wing Commander Cave-Browne-Cave, C.B.E., 

F.R.Ae.S., ‘* The Evaporative Cooling of Aero Engines 

and Condensation of their Exhaust Gas.”’ 


3-30. Mr. AL J. Cobham, ** Long Distance Aeroplane Flights.’ 


Forthcoming Arrangements 
Sept. 8. 5.30 p.m.—Council Meeting. 
Sept. 15. 7-0 p.m.—Informal Meeting of Members in the Society's Library. 
Oct. 1. 5.30 pem.—In the Library. Chairman’s Inaugural Lecture. 
The Technical Lessons of Five Years of .\ir Transport,’* by Air Vice- 
Marshal ‘Sir \W. Branekery A. 


J. LAURENCE PRITCHARD, 
Hon. Secretary. 
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THE RIGID AIRSHIP IN RELATION TO FULL-SCALE 
EXPERIMENT 


BY R. A. FRAZER, B.A., B.SC., A.F.R.AE.S., 


ASSISTANT IN THE AFRODYNAMICS DEPARTMENT, NATIONAL PHYSICAL LABORATORY 


PAPER SUBMITTED FOR R.38 MEMORIAL PRIZE COMPETITION, 1925, AND 
AWARDED THE PRIZE. 
Foreword 

“The Aerodynamical Characteristics of the Airship as Deduced from 
Experiments on Models ** was the subject selected by Dr. R. Jones for his R.38 
Memorial Prize Paper.* The essay surveys the present-day state of knowledge 
in airship research from the standpoint of the wind-tunnel. 

A complementary theme which naturally suggests itself is a review of th 
position attained to date by airship research on full-scale. [t will, however, }: 
evident at the outset that such a topic cannot be treated in full venerality, since} 
a great proportion of the relevant material must be viewed as inaccessible} 
having accumulated in other countries during the war period. .\ further propor-| 
tion to be excluded embraces experiments of a confidential nature, undertaken i 
this country under the direct control of the Services. Limitations, moreover; 
must be imposed in another direction ; for it will be clear that, although valuable! 
experience has accrued in past years from the results of special mancuvres| 
carried out during routine or instructional flights, vet the relevant observations! 
were often of an ephemeral nature, and would hardly admit systematic co-ordina- 
tion. For such reasons the present contribution is restricted mainly to thos 
experiments on rigid airships in which one or more representatives of the Nation: 
Physical Laboratory co-operated. 

In attempting a survey of this work, the writer is fully conscious. that 
had circumstances been kinder, the task would have been more thoroughly an’! 
efhciently fulfilled—and at the opportune time—by another. It is, indeed, full 
recognised that such successes as attended the work were due, primarily, to thi 
unfailing initiative and enthusiasm of the late Mr. J. R. Pannell. On the othe 
hand, no measure of accomplishment would have been possible without the suppor 
and collaboration of many others, who were directly connected with the Ai 
Service. The list of those to whom such recognition is due is indeed too larg 
to be attempted. Tt would assuredly be headed by the names of all who partic! 
pated in the Fourth Trial Flight of Airship R.38; but the writer has no wish t 
stress that disaster, and a full acknowledgement of the services rendered must | 
left as implied. 


The Province of Airship Research 

At the present day a preamble on the scope of wind-tunnel experiments stands 
the risk of being classed as too old fashioned to pass without some apology. At 
alternative, which on immature consideration promises to fall into better lin 
with modern conditions, is an introduction expounding the raison d’étre of ful 
scale research. However, such an artifice would clearly meet with little succes 
since, in the broad view, the model and full-scale provinces cannot rightly be} 
dissociated. In point of fact inquiry wholly restricted to either field 
investigation is liable to obscure the real problems at issue. 


Vhe numbers given in the footnotes refer to Appendix i 
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Generalities on this or that class of research should doubtless be left for open 
debate ; but the ulterior ends served by special experiments of a class may be open 
to misinterpretation, unless some understanding exists as to the sphere of useful- 
ness covered by the entire class. The view will be held here that airship research 
on full-scale may legitimately serve three main purposes. It may assist either 
design, or navigation, or theory—and extend its applications to any combinations 
of the foregoing headings. It is possible that exception might be taken to this 
classification, especially in regard to the claims of theory. Indeed, certain types 
of experiment have in the past been discouraged or rejected, solely because they 
appeared to be of purely ‘* academic * interest. This must be viewed as a short- 
sighted policy, based upon the misconception that theory is antagonistic to prac- 
tice; and if, in the sequel, some prominence is given to theoretical aspects of 
full-scale research, the stress is fully intended. 


Resistance Coefficients for Airships R32 and R33. 
00 
| 32 Complete Model. | 
<2 Compicte Model. 
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As a corollary to the above propositions, the somewhat precarious contentions 
may be put that the true function of experimental work on models is to support 
and amplify theory, and that the latter may, in the long run, become responsible 
ior design. Prima facie this conflicts, no doubt, with the conventional view that 
the wind-tunnel itself provides the aerodynamical data needed in_connection with 
design. At the present day, owing to the limitations of theory, this mav be 
true; but the fact-—if indeed it is a fact—is regrettable. 

The argument will sufficiently be illustrated in relation to airship resistance, 
for which quantity theoretical considerations supply, in the standard notation, 
an expression of type F (rl Present day theory, however, fails to define 
he funetional form / for any given airship shape; and the wind-tunnel can be 
used to provide empirical values for F, but only over a very restricted range of 
the parameter r]/v. Outside that test range, the onus for the evaluation of 
resistance must rest once more with theory. It cannot be emphasised too forcibly 
that the orthodox method of prediction for full-scale devolvés, in general, upon 
no more than a pious suspicion that the resistance elects to follow a square law 
between the highest r/ of and the values for full-scale. The uncertainties 
which must inevitably attach to a prediction conducted on this basis are par- 
teularly aggravated in airship work, where extrapolation has to be effected to 
values of r] maybe some 180 times as great as those attainable in a 7-foot wind- 
tunnel (see Fig. 1). 
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It is universally admitted that the foregoing position is most unsatisfactory, 
and a real importance attaches to a consideration of the directions in which 
improvement might be effected. One possible line of development is extension 
of the effective wind-tunnel range, whether by increase of the speed, the dimen- 
sions, or the pressure. It is, however, unlikely that the gap over which 
extrapolation is necessary in airship work could adequately be bridged in this 
manner, Alternatively, a comprehensive full-scale experimental programme might 
be drawn up, in the hope that it would per se provide sufficient design data, 
Such a scheme is, of course, open to the objections that it would prove inex. 
pedient and uneconomical—if not impracticable. It would, indeed, appear that 
neither by an elaboration of wind-tunnel practice alone, nor by an extension of 
full-scale research alone, can a wholly satisfactory position be reached. 

On the other hand, a state of advanced knowledge mav well be conceived 
such that the principal aerodynamical characteristics of a selected airship shape 
could be found theoretically or graphically for representative types of flight. 
Under such revolutionary conditions the wind-tunnel would assume its true fune- 
tion—as a convenient machinery for a test of the general theory over a limited 
region; and, provided a satisfactory confirmation be gained by this means and 
by experiments on full-scale, then design will proceed on the basis of the estab- 
lished theory. It is not intended to enlarge unduly upon a state of atfairs which 
might be dismissed as too idealistic; nor is it intended to discredit: the value 
of experiments upon models within their legitimate sphere. But too much can 
be claimed for models and too little for full-scale and theory. A) real advance 
will surely be apparent when it is universally recognised that both full-scale and 
wind-tunnel experiments are usefully serving the ends of design by accumulating 
evidence in support of the academician’s theories. 

A broad classification of full-scale experiments has already been indicated 
under the headings of design, navigation and theory. The types of measurement 
contemplated under these categories do not necessarily overlap, but hard and fast 
distinctions need not be drawn. 

A matter of first concern to the designer is the factor of safety of his proposed 
structure. He is pre-eminently anxious to obtain some notion of the maximum 
stresses his airship is likely to incur under the severest conditions of flight. — Ir 
past vears this particular aspect of full-scale research has been well ventilated in 
relation to pressure measurement over the fins and control surfaces. The precis 
manoeuvres which may be considered legitimate in the pursuit of experimental 
records of this class remains a nice matter for debate. It is, for instance, 
questionable whether rapid reversals of helm carried out in good weather would 
promote such severe stresses as those attending normal navigation in really bad 
weather. On the other hand, the view has been expressed that high speed stead 
turns under a large rudder angle will induce a sufliciently exacting distributior 
of pressure. The real point at issue is whether the impulsive stresses due t 
violent gusts, such as were encountered by airship R.34 at certain stages of its 
pioneer trans-Atlantic vovage, could ever be reproduced in any comparable degre 
by artificial manceuvres in good weather. In the writer's opinion a series o! 
tests made intervals during typical trans-continental flight would 
provide more valuable information than would drastic experiments conducted on 
a short fair weather flight. 

A relevant consideration is that designers will be called upon to eater for 
increasingly exacting conditions of mooring. The future commercial airship 
must, indeed, be expected to ride out at the mast in the heaviest weather, and tt 
is by no means obvious that less demands would be made upon its structure on 
such occasions than during flight. An experimental programme could, therefore, 
hardly claim to be sufficiently representative, unless it embraced a tolerably con- 
clusive investigation of the severest mooring-out conditions. 

The foregoing paragraphs will exemplify a tvpe of measurement which is of 
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first importance to a designer (in that it supplies him with extreme values), yet 
is likely to prove too erratic to be of real value for corroboration of any conceiy- 
able theory. Other problems may arise in connection with the design or navigation 
of a particular ship, relative te which the records taken are again of a casual or 
sporadic nature, hardly permitting systematic analysis. A case in point is the 
investigation of the degree of controllability of an airship by the methods indicated 
on p. 437- 

Reference may next be made to experiments which, although of interest in 
relation to theory, vet have a direct application to design and navigation. This 
group includes, for instance, the investigation of the turning characteristics, 
deceleration trials and determination of normal force and pitching moment. An 
important branch of the work is pressure measurement over the hull and the 
stabilising or control surfaces for various conditions of sfeady flight. If experi- 
ments of this class are to be of the yvreatest value they should be comprehensive 
and systematic. Experience has shown that little reliance can be placed upon 
isolated measurements or curtailed trids, even when they relate to nominally 
steady conditions ; for, unless observations are continued over a sufficiently repre- 
sentative interval of time, the effects of temporary disturbances, such as 
atmospheric gusts or fluctuations of engine speed, will not properly be exposed. 

It is urged, moreover, that a limited programme of selected ** routine *? tests 
(e.g., turning, deceleration and speed) should be repeated for each airship of a 
class, so that the effects accruing from slight constructional ditferences or 
fortuitous blemishes may be compared and average figures found for the class. 
Thus, whereas tolerably complete records are now available as to the performance 
of both R.26* and R.33,' vet the tests were not extended to any of the remaining 
three airships of 23 class, nor to R.34. 0 .\ valuable opportunity has been lost, 
and results for particular ships must now be accepted as typical of entire classes. 
The proposal made no doubt invites the obvious criticism that every airship cannot 
be detailed for experimental work. Against this it may be argued, however, that 
much would be gained, and but little lost, by adoption of some standard practice 
whereby, before any airship is put into commission, its overall performance is 
duly recorded. A carte blanche for experiments would be unnecessary ; the tests 
might extend to 15 hours. 

A plea has already been put for experiments which at the moment might 
appear to be of no more than ** academic *’ interest. The plea is not for indis- 
criminate academic researches, but for tests which admit a carefully considered 
co-ordination with theory. It is not intended to embark upon vain speculations 
as to how far this field for novel experiments might extend. Results of consider- 
able interest in relation to theory would certainly accrue from turning or 
deceleration tests on variations from an airship of normal design, the modifica- 
tions being obtained, for instance, by removal of one or more cars, or by addition 
of parasite parts. It will, however, suffice if due recognition be given to the fact 
that many useful experiments of this class could be undertaken on obsolete 
airships prior to, or concurrently with, their deletion. 

The feregoing paragraphs will, perhaps, have supplied a sufficient representi- 
tion of the scope of a comprehensive full-scale experimental programme. Th: 
historical sketch which follows is intended as an introduction to the main section 
of the paper, which provides an account of such full-scale work as has been carried 
out in the past in collaboration with the National Physical Laboratory. 


Historical Sketch‘ 
The active co-operation of the National Physical Laboratory in’ airship 
experiments on full-scale may be said to date from 1918. In February of that 


Further details of the relevant fights are given tn Appendix J. 


ae 
| 
| 
| 
| | 
| 


408 THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


year a short flight in airship N.S.0 served to initiate Mr. Pannell into practical 
flying conditions and generally illustrated the difficulties likely to obstruct accurate 
experimental work on non-rigid airships. ‘Two months later, at the invitation of 
Messrs. Vickers, he was present on the occasion of the final trial of R.20 at 
Barrow, before this airship was taken over by the Admiralty. A number of 
turning and deceleration trials! were undertaken, but the observations were hardly 
complete and the experience gained must be viewed as the most valuable outcome 
of this flight. 

Two flights in R.31, both of very short duration and carried out from 
Cardington during August and October of the same vear, complete the list prior 
to the cessation of hostilities. These flights are of note in that they represent 
the first attempt at pressure measurement over a hull. Shortly afterwards, how- 
ever, airship R.31 was put out of commission and the work never extended bevond 
the preliminary tests of apparatus. 

The general question of full-scale experiments was already under discussion 
with the Airship Design Department; but owing to various causes, no formal 
programme was commenced during the war period. Demobilisation and the post- 
war economy campaign were naturally responsible for further considerable delays 
and restrictions. Four additional flights in R.26 were, however, secured before 
February, 1919, when this airship was detailed for mooring out, prior to its 
deletion ; and the combined results} thus obtained, although deficient in| many 
respects, vet provide the only available systematic record of the performance of 
this early class of airship. Special interest attaches to the four deceleration tests, 
which extend such comparisons as are at present feasible between full-scale and 
predicted resistance to a now obsolete form of hull, viz., one with an external 
keel. These experimental results, with others, will be reviewed more fully in the 
sequel. At the moment it will suffice to refer especially to certain investigations 
on R.26, which met with little or no success. 

In the first place an attempt was made, at the request of the Airship Design 
Department, at pressure measurement over the fins. After discussion with an 
experienced pilot a series of pressure plates were fitted to a lorizontal fin of the 
airship and duly connected to a 32-tube R.A.E. photomanometer. The choice of 
a horizontal fin, in preference to a vertical fin, for the purpose was dictated by 
two main considerations. Firstly, it was hoped that by alteration of both trim 
and equilibrium during flight, manoeuvres might be undertaken which would 
induce higher pressures over the horizontal fins than any obtainable over. the 
vertical fins by turning manoeuvres. Secondly, the results for a horizontal fin 
promised to be, in general, directly comparable with types of pressure measure- 
ment possible in a wind-tunnel. With R.26, however, owing to the small dispos- 
able lift, a sufficient altitude could not be obtained to permit the required 
manoeuvres; and the pressures measured when the airship was flying steadily 
on an approximately level keel were of negligible magnitude. 

Failure was also experienced in another direction. Experiments* by Dr. 
Stanton and Miss Marshall in a wind-tunnel had indicated that a close approxima: 
tion is possible to the thrust of an airsecrew by measurement of the distribution 
of pressure difference between the two sides of the airscrew dise. The poten- 
tialities of this method in relation to the determination of airship resistance were 
evident ; and at Dr. Stanton’s suggestion pitot tubes were mounted at. selected 
positions near the airserews of R.26, with a view to a preliminary comparison 
between the thrusts as measured cn full-scale and as determined by a_ similar 
method for a scale model. However, the experiments could not be completed in 
the limited time and the few results obtained presented many anomalous features. 
An outcome of the work was a keen appreciation of the deficiencies of the 
apparatus. 


[2]. * [4]. 
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actical | In February, 1919, the following preliminary programme of experiments was 
curate | formally submitted to the Advisory Committee for Aeronautics by the Director i 
tion of © of Aircraft Production :— 
ideo (1) Estimate of speed over straight course with various combinations 
ber of of power units. 
hardly (2) Turning trials at two speeds; one being the highest permissible for 
itcome | the most effective rudder angle. 

f (3) Tests of elevators (method to be determined later). 

trom (4) Altitude attainable. 
b prior | (5) Experiments on thrust similar to those on R.23.* 
resent | (6) Experiments on turning circle similar to those on R.23.* 
how. | (7) Pressure plotting on hulls and_ stabilising surfaces, specially in- 
evond | cluding points in the immediate neighbourhood of the bow. 

; i (8) Determination of forces on the hull when flying at large angles of 
Ussion pitch. 
lormal | (9) Determination of forces on the hull caused by a cross wind when 
post- the airship is being manceuvred on the landing ground, 
delays (10) Measurement of pressure and velocity in the neighbourhood of the 
before | hull and cars. 


pi In accordance with the terms of this programme experiments were com- 
ce a menced on R.33. Items 1, 2, 6 and 10, together with a group ol deceleration 
bowte tests,! were completed during the course of four flights from Pulham in July 
| and August, 1919; the airship was then temporarily detailed for other 
tenet 1 The results} obtained, however, form a self-contained set, and were incorporated 
a itn a oe single report, intended as the first of a series on this airship. se 
ie a ; In August, 1Q1Q, information was obtained to the effect that airship R.29— 
~  F the last of a class which had not been put to any test of the programme—was 


due for deletion. .\ communication, emphasising the desirability of some record 


S| of the performance of this airship, was accordingly sent from the National Physical 


Laboratory to the Airship Design Department; as an outcome of which, the 
oh necessary facilities were granted, but only for a limited period. During Septem- 
as by ber and October four flights, each of about eight hours’ duration, were made from 
pe East Fortune; after which the airship Was submitted to strength tests and 
destroyed, One useful issue ol these fights was a tolerably comprehensiy e record 
- ae of the turning performance, § not only of the standard R.29 airship, but also of 
ree two modifications (deseribed as R.29¢ and b), obtained successively by removal 
nee of 48 per cent. and 100 per cent. of the fabric from the upper fixed fin, On the 
peed evidence ol the experiments It was inferred that the airship was probably stable 
atid for rectilinear fight under the first two conditions, but distinctly unstable in its 

final condition; and so, for the first time, a comparison between full-scale and 


predicted) performance became possible for a case which, systematic 


modifications of fin area, instability had been substituted for stability. On the 


Bo occasion of these flights a second attempt was also made at measurement of 
ee airscrew thrust by the method of pressure difference ; but such apparatus as could 
Improvised the time was inadequate, and the results again proved 
unsatisfactory. 
bynes ; The experimental programme on airship R.32 was next put in hand. The 
He items primarily in view, apart from routine tests, were pressure measurement 
ate over the upper fin and rudder, and ‘more stringent application of the experi- 
a cnet technique for determination of airscrew thrust. Owing to the greater time 
sia allowed for preparations, the equipment for the latter research could be elaborated 
the | * Actually, on R.26. 


+ Deceleration tests appear to have been omitted inadvertently from the formal programme. 
In view of (2), item (6) seems redundant, and it is possible that the latter should read ‘* Experi- 


nents on deceleration, ete. 


[7]: 
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considerably over the relatively crude apparatus previously in use. Before the 
airship was due for deletion nine flights were made, extending over the period 
October, 1919, to February, 1921, the total flying time amounting to about 80 
hours. The base for these operations was initially Pulham; subsequently, the 
experimental’ work was continued, concurrently with the training of the Ameri- 
cans, from Howden. The most important results undoubtedly centre in- thi 
measurements of pressure,* which provide a tolerably representative account of 
the distribution over the upper fin and rudder for a number of different types of 
navigation. kor reasons detailed in the sequel an equal measure of success 
cannot be claimed for the thrust measurements. ' 

During the same period a number of turning and deceleration testst were 
carried out on a non-rigid airship (S.S.E.3 100,000); whilst two additional flights 
in R.33 served to extend the tests which had previously been made on this airship 
relative to fuel consumption to a new set of airscrews.; 9 In March, tg21, a flight 
in R.80, which terminated after two hours owing to engine trouble, provided little 
more than an unsatisfactory deceleration test and some experience of a new type 
of vawmeter, intended to replace the somewhat cumbrous equipment normall 
used. Results® of a similar deficient order accrued from a nine hours’ flight in 
airship R.36 (G-FAAF), carried out from the Pulham mast in April. Owing to 
extremely short notification being received of the flight, no adequate arrange- 
ments could be made by the N.P.L.; moreover, since the airship was bound for 
a definite destination, the exigencies of navigation practically precluded any useful 
experimental work. After five hours an accident occurred and one rudder and 
one elevator became inoperative. The incident is, perhaps, not without some 
general interest, since it provided a significant illustration of the capabilities o! 
lighter-than-air craft. Despite its badly crippled condition the airship was, in 
point ef fact, found controllable both in vaw and piteh, and could be flown. back 
to the base—a distance of some 160 miles—at a speed of about 42 feet per second. 

Attention was next directed to item (8) of the formal programme, viz., 
** Determination of the forces on the hull when flying at large angles of pitch.” 
It was appreciated that the practical difficulties wouid prove considerable ; and a 
detailed statement was drawn up, embodying the necessary procedure not ons 
for experiments in flight, but also for a number of measurements with the airship 


moored to the mast. The object of the latter series was primarily to determine 
Values for the static moment and metacentric height, when the gasbags were 
completely or partially filled. A preliminary series of measurements were made 


on airship R.33 during the night flight of May 23-24, 1921. Further work was 
postponed since the airship was required for other duties; a month later the 
trials of R.38 were in hand and the opportunity for completion of the work on 
R.33 never recurred, The results available are, therefore, exceedingly immature : 
but it was found possible to extract approximate figures both for the normal force 
and the pitching moment, and to obtain a comparison with values predicted from 
models. From the standpoint of detailed organisation, the foregoing measure- 
ments could well lav claim to be the most elaborate of the investigations here 
under review. 

The experiments proposed for airship R.38 (Z.R.2) included, in addition t 
routine tests, measurements of pressure over two fins and the upper rudder. 
It was hoped to complete the programme during the course of the acceptance 
trials, prior to transference of the airship to the United States Government. On 
the first flight, carried out from Cardington during the night of June 23-24, 1921, 
trouble was experienced with the controls, and flight at low speeds only was 


possible, Attention was mainly confined to a qualitative investigation of the 
condition of balance of the rudders, as a result of which work some reduction 
was afterwards made to the balancing area of the upper rudder. Similar 
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observations on the modified rudder occupied practically the whole of a second 
night flight and pointed to the desirability of a further reduction. A third 
fight, which began on the evening of July 17th, allowed a few photographic 
records of pressure to be taken under normal conditions of navigation. Petrol 
consumption and speed trials were continued during the night, with progressive 
increases of speed until, at a speed of about 50 knots, the airship incurred 
minor damage alt. A landing was made at Howden early on July 18th. 

On the fourth flight, which commenced at 7.10 a.m. on August 23rd, measure- 
ments of pressure and turning tests were carried out during the dav. The inten- 


‘tion was to conduct full-speed trials prior to a landing at Pulham the same 


evening ; but owing to the presence of low cloud it was decided to remain in the 
air until the evening of August 24th. Experiments were continued on the second 
day, but the more important trials were left until 4.45 p.m., when photographic 
records of the pressures on the fins and the upper rudder were taken whilst full- 
speed trials were in progress. After 15 minutes, speed was reduced and further 
pressures were recorded in the ensuing half hour. At 5.35 (approx.) the airship 
broke and fell in separate portions in the River Humber. 

It would be of little real profit to enlarge here upon the loss of life, or upon 
the causes which may have contributed to that lamentable disaster. The full 
history is, indeed, only too familiar to all. Amongst the equipment salved from 
the wreck were three notebooks, comprising all the entries made by the N.P.L. 
representatives (J. R. Pannell, C. W. Duffield, H. Bateman). In addition, one 
kinematograph camera, which contained the film for the pressures over the upper 
rudder, was recovered intact from the water; a second camera, used in conjunc- 
tion with the manometer for the fins, was unfortunately lost. From the material 
which came to hand in this way, however, it was found possible to reconstruct 
the principle stages and episodes of this fateful flight (see Fig. 2). Moreover, 
most of the experimental observations proved sufficiently complete and connected 
to admit reduction ; and these data,* which cost so many valuable lives, are now 
on permanent record. 

Here this brief review of past experimental flights must be brought to a 


close. Full-scale experiment has already passed its initiatory stages and is now 
due for a more mature and progressive regime. The present thesis will not have 


been written wholly in vain should it serve no more useful purpose than to assist 
the future investigator to recognise the difficulties experienced—-and the errors 
made—in the past. 


Synopsis of Experimental Methods and Results 


(1) Measurements of Normal Pressure 


Equipment.—The resultant aerodynamical force upon any portion of an 
airship in flight is the integral effect of the tangential and normal components ot 
pressure acting over the surface considered. The integral effect of the tan- 


gential pressures alone constitutes the force described as skin friction.’’ No 
direct method is known for the measurement of such tangential stresses; and 
“pressure measurement,’’ as ordinarily understood, is restricted to the deter- 
mination of normal components of pressure. 

The latter are, of course, of outstanding significance in questions affecting 
the strength of the fins and control surfaces of a rigid airship; and they are, 
probably, mainly responsible for the bulk of the aerodynamical loading on the 
hull (/.e., lateral and normal forces). On the other hand, the fact should not 
be obscured that in particular fields of design, such as those connected with head 
resistance, the pressures contributing to skin friction become of major importance. 
Evidence on these points is provided by experiments on a yawed model hull of 
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R.33* and a spheroid,’ which show that both the lateral force and the yvawing 
moment are largely due to the operation of normal pressures, and that the 
longitudinal force may in a great measure be ascribed to tangential stresses. 
The immediate utility of pressure measurements on full-scale is apparent in 
another direction. In point of fact, a knowledge of the distribution of normal 
pressure over the hull would go far to expose the causes underlying slackening 
or flapping of the outer cover during flight—a practical application of urgent 
importance. The foregoing remarks will be understood as referring to rigid 
airships; special problems which present themselves in connection with non- 
rigids, such as pressure maintenance and bow-stiffening, hardly fall within the 
purview of this paper. 

As far as the writer is aware, only one method is available for the measure- 
ment of normal pressure. With models, it consists in the transmission of the 
pressure from a pinhole, drilled through the surface considered, by means 0! 
internal tubing to some form of manometer. On full-scale, a similar technique 
is adopted, but the pressure hole is duly enlarged to meet the obvious practical 
requirements. In the past it has been found convenient to fit, flush with the 
fabric at each separate point under observation, a flat metal plate, the pressurc 
hole being finished smooth with the outer face and connecting behind with a 
short stem or nipple, in order to facilitate attachment of the tubes to the 
manometer. With R.32 cireular dises of brass sheet, bevelled at the edge, were 
screwed direct to the wooden girders; but a plate of this type is unsuitable for 
use on a metal ship, and—alter some experiments in a wind-tunnel—a_ moditied 
form was devised for R.38 (Fig. 3). 


| 
joa { Tube 
| 
Wind Bross 
Direction | “b moras 
| 
Fabric Patch. 4 
Detail of Pressure Plate. 
Fic. 3. 


In this case the plates were square and backed with a large fabric patch, 
intended to be doped to the outer cover. Meticulous care should be paid to 
the surfacing of each plate; and, in order further to ensure even flow, the patch 
should, when possible, be doped to the inside of the airship cover and the latter 
then cut awav from the outer face of the plate. With both airships the diameter 
of the pressure hole was o.1 inch; but the size is purely a matter of judgment, 
being dependent upon such considerations as a possible choking of the orifice due 
to deposition of moisture and the amount of air-lag entailed in the system. 

Phe leads from the pressure points on R.32 consisted of rubber tubing ; 
Whereas lengths of duralumin tubing, jointed with flexible pressure tubing, were 
used on R.38. If the experiments are likely to extend over any considerable 


period, the latter system is undoubtedly preferable, since rubber tubing is liable: 


to become blocked owing to internal adhesion of its walls, especially at any 
corners. Moreover, unless the material is abnormally reliable, deterioration is 
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bound to set in under the conditions of practice. For such reasons the connce- 
tions on R.32 required constant attention and not infrequent replacement. The 
question of weight may, however, also affect the choice of material. The scale 
of the arrangements entailed in this class of work will, perhaps, pe appreciated 
from the circumstance that well over 2,000 feet of tubing had to be installed bys 
R.A.W. in the fins and tail of R.38. For pressure measurements over a hull, 
this figure would be correspondingly exaggerated and the total weight of the 
tubing would amount to the order of tons. 


To Fin and Rucider t 
To Rudder 
Note || | Pl \ 
thy 
| =” Ps 
Ang 
A 
PC ect to P t Tut ° 3 4 5 
” » Static Pressure Tube. 
FIG. 4. 


Arrangement of manometer on airship 1.38 


Plane multimanometers, of the type shown in Fig. 4, were used on both 
airships, their indications being recorded by means of kinematograph cameras. 
The glass tubes of the manometer are mounted parallel upon a flat board, anc 
are supplied with liquid from a common reservoir. Water, coloured by an 
alcoholic solution of methyl orange, furnishes a meniscus which can be photo- 
graphed satisfactorily. In practice the manometers were attached to the cruciform 
girder, so that the plane of the tubes lay transverse to the length of the airship. 
In order to provide a suitable datum line, and to eliminate effects due to roll, 
the two end tubes of each board in use were connected to the static side of a 
flying anemometer head; an indication of the value of $pv?, derived from the 
corresponding pitot side, was also convenient. The boards were amplified by 
additional items such as an inclinometer, a control indicator, a chronometer, and 
some scale of length, the latter serving to determine the magnification when the 
photographs were subsequently projected upon a screen for measurement. Unless 
a continuous record is required, the kinematograph cameras should be _ fitted 
with special shafts, permitting a single exposure for each turn of the handle. 

It will be clear that the equipment described has certain advantages overt 
the normal design of R.A.E. photomanometer, in which the number of exposures 
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possible without reloading is most limited. In particular, with the use of a 
kinematograph camera, records can be secured in rapid succession and whilst 
the manometer tubes are still under observation. On the other hand, the 
extremely small size of photograph is an obvious disadvantage. The difficulties 
entailed in an accurate manipulation of such records will, perhaps, be sufficiently 
evident from Figs. 5 (a), (b) and (c), which are specimens of photographs 
obtained in flight. 

Fig. 50 relates to the pressures on the upper fin and rudder of R.32, whilst 
the airship was held to an approximately straight course at a speed of 57.0 feet 
per ‘second. For this manceuvre, the upper ruikiee was locked to starbo: cant at an 
angle of 10 degrees, and the airship was steered with use of the lower rudder 
alone. Of the 24 tubes shown, the first and the last were connected to the 
static side of the flving head, thereby providing a datum line to which the columns 
of liquid could be referred. Tube No. 12 gives the value of 4pv?, but a con- 
siderably higher pressure is indicated on one other tube, which was connected 
to a hole lying well forward on the port side of the fin. Two high values of 
suction are also registered for points situated on the leading edge of the fin. 
The total number of such pictures obtained and analysed for R.32 amounted to 
about 7,500. 

Figs. 5 (b) and (c) are of more tragic interest; they are photographs taken 
by Mr. “Bateman during the last hour of the final flight of airship R.38. It should 
be explained that, in view of the large number of pressure points under observa- 
tion on this airship, two separate manometer boards were in use, indicating, 
respectively, the pressures upon the upper rudder and upon two of the fins. The 
camera for the fins was not salved from the wreck; but the film for the rudde:, 
although damaged by salt water, was recovered intact, and the records up to a 
certain stage of the flight were found unimpaired. An hour before the accident, 
however, two of the glass tubes on the relevant manometer were unfortunately 
broken by a member of the crew, with the result that some of the indicating 
liquid was lost. The level in the tank, supplying the entire group of tubes was 
correspondingly lowered, and those tubes connecting with the tank above the 
new level of liquid, became inoperative. The effect of this mishap is illustrated 
in Fig. 5 (b), obtained during normal navigation at high speed. Tubes g and 10 
are broken; and a careful scrutiny of the complete set of photographs available 
has shown that eight further tubes were probably defective, and that 14 (including 
the datum tubes) were still behaving normally. Thus, a certain amount of 
tolerably reliable information was secured concerning the pressures operating upon 
the upper rudder during this important period. 

Within some five minutes of the accident, however, a further unfortunate 
element began to affect the records. The new trouble was a jambing of the film 
in the camera, which resulted in the records becoming more and more mutilated. 
Thus, although exposures were still being made af the time of the accident, yet 
the above circumstance, in conjunction with the further damage due to prolonged 
immersion of the film in water was such as to render the photegraphs for the 
final two minutes illegible. The defacement of the film in its earlier stages is 
shown in Fig. 5 (c) 

An obvious objection against the application of kinematography to this class 
of work is the need for an ample supply of daylight. The requisite conditions 
would not be easy to achieve inside the main hull of an airship. Difficulty was 
even appreciated aft of the cruciform girder on R.38, where, owing to the opaquc- 
ness of the outer cover, a special panel of less heavily doped fabric had to be 
fitted. The further consideration that two flights of this airship were rendered 
useless from the standpoint of pressure measurement, because they were under- 
taken at night, must weigh heavily against the attractions of the kinematograph 
method. In this connection it appears that certain practical difficulties may 
attach to pressure measurement on a comprehensive scale over a hull. In this 
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case, clearly, all the manometer tubes cannot be centralised at a single station, 
otherwise the effects of air lag in the leads to the majority of the pressure points 
would certainly prove excessive; further, such a scheme might entail a prohibi- 
tive weight of tubing. The observations must, therefore, be effected in groups 
at a number of manometers conveniently distributed along the length of the 
airship. The adyantages of the R..\.E. photomanometer (in which the exposures 
are made by electric light) over a normal design of kinematograph for this class 
of work are sufficiently obvious; but a new difficulty might be found in effecting 
complete and effigient co-ordination between the operators at the various stations, 
such as would insure absolute synchronism amongst all observations. The main 
difficulty here is 6ne of organisation rather than one of instrument design. 

The indications of the manometer tubes are clearly liable to several classes 
of error. When measurements are in hand of rapidly fluctuating pressures due, 
for instance, to unsteady manceuvres or to gusty weather conditions, air lag in the 
connecting leads and inertia effects in the columns of liquid become prolific and 
elusive sources of uncertainty. The extent of the possible inaccuracies due to 
inertia may, in a measure, be indicated on theoretical grounds. A case which 
admits a simple analytical treatment is that of an ordinary U-tube, the one limb 
of which is exposed to a steady pressure p,, whilst the other is subject to a 
pulsating pressure of form p=p,+), singt. Let o denote the density and L 
the total column of liquid, and # the displacement at time ¢ of either meniscus 
from the equilibrium level due to a pressure p, on each limb. 

The equation determining the motion of the liquid (subject to neglect of 


viscosity) is 


d?x /dt? + (29/1) r=(p,/oL) sin qt 
whence, if 2y/L=2X* and p,/cL=un, the solution may be written 
a= Asin At + B cos At + — q?) sin qt. 

The constants 1, B, are determinable from the initial conditions. Thus, 
if r=o and dx dt=o, for t=o, the displacement at any time becomes 

= p/(A* — (sin qt—q/A sin At). 

An illustrative calculation has been made for the case in which measurements 
are in hand of the pressure head $pv* due to a fluctuating wind of 80 feet per 
second, the variations of speed amounting to some+2o feet per second in a 
period of four seconds. Such conditions, if maintained, would admittedly prove 
extreme; but changes of this order might temporarily develop with the severest 
gusts, such as are at the moment under special consideration. The following 
values have been selected to meet the proposed case :— 

L=1 ft.; bbs./ft.* ; p, = 3.8 Ibs. /ft.? ;.cg=62.3 Ibs. ; g=a/2 radians. 
Whence =0.0316 [sin (7/2) — 0.196 sin ]. 

Table 1 provides a comparison between the indicated and true* displacements 
at various stages of the first complete pulse. 


TABLE. 1. 


Indicated True 
Time displacement displacement 
(secs.). av (inches). (inches). 
fo) ro) 
0.98 0.30, 0. 30, 
0.40 0.32 
1.97 + 0.03 + 0.02 
2.03 = 0° 375 — 0.30; 
2.94 — 0.30 — 0.36, 
3.28 — 0.41 — 0.33 
3-94 — 0.05 — 0.03, 
* ive., one half of the head of water due to the term p, sin gt. 
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It will be clear, therefore, that—provided the assumptions made for this 
problem are no undue exaggeration of practical conditions—considerable errors 
might arise in the measurement of rapidly changing pressures by means of a 
liquid manometer owing to inertia effects alone. The subject of the transmission 
of pulsating pressures through pipes has been treated recently by Messrs. Simmons 
and Johansen at the National Physical Laboratory, both theoretically and experi- 
mentally,* account being taken of the effects due to viscosity. Since these 
questions are of fundamental importance in relation to pressure measurements on 
full-scale, a brief summary of certain conclusions reached in this investigation 
may be useful. 

Reference will only be made to one branch of the research. This deals with 
determinations of pressure, effected by means of a metal diaphragm gauge at 
the ends of pipes ranging to a length of 400 feet and to « diameter of 0.375 inch. 
Measurements were made (1) when a pressure was suddenly applied, and (2) when 
the impressed pressure was simply periodic. With the diaphragm gauge used, 
inertia effects in the instrument proved negligible ; and the results under heading 
(1), some of which are tabulated below, illustrate the influence of viscosity in 
delaying the growth of pressure at the ** gauge end’ of the pipe. The times 
entered under column (4) are measured from the instant at which the diaphragm 
starts to record, and specify the interval taken for the pressure to reach go pe: 
cent. of the maximum value. 


TABLE 2. 


Length of Internal diameter Applied 

pipe of pipe pressure Time 

(feet). (inches). (inches of water). (seconds). 
101 0.403 7.3 
101 0.157 0.345 6.2 
101 0.157 0.510 8.4 
50 O.157 0.325 Oot 


The second series of measurements made show that, except in special cases 
of resonance, a reduction of amplitude accompanied by a phase lag, results from 
the transmission of a simply periodic pressure through a pipe. Fig. 6 relates 
to a pipe of 0.187 inch diameter, and is typical of a number of others, reproduced 
in the original report. It illustrates sufficiently strikingly that the length of 
pipe and the frequency have important influences upon the transmitted amplitude. 

A consideration of the errors which might be incurred due to inertia and 
Viscosity, supports the conclusion that no great reliance can be placed in measure- 
ments of unsteady pressures, as obtained on full-scale with existing types of 
apparatus. The importance of this class of work has already been emphasised, 
and no effort should be spared in the development of equipment which is reasonably 
free from these inherent defects. 

A further possible source of error, common to measurements under both 
steady and unsteady conditions, is the centrifugal foree upon the air in the tubes 
due to rotation of the airship about one or more of its axes. An extreme illustra- 
tion will be taken in which a pressure point in the nose is connected by tubing 
to a manometer in the tail of the airship. With R.32 the total distance would 
be about 600 feet; and for a steady high-speed turn under a rudder angle of 
19 degrees, the angular velocity of turn has been shown by full-scale experiment 
to amount to about 0.035 radian per second. The spurious pressure due to 
centrifugal force would in this case amount to 0.15 inch of water, equivalent to 
about 6 per cent. of the head due to Spr. A pitching oscillation of +5 degrees 
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this and period 16 seconds would produce a maximum error of the same order. With 
‘rors pressure experiments over a complete hull, where reference mains of static and 
of a dynamic pressure are taken down the length of the airship, the application of 
aOR such corrections might prove desirable; but little error may, in general, be 
Bons expected from this cause when the work is comparatively localised. 

peri- | The possibility of inaccuracies due to leaks or obstructions in some part of 
hese the measuring system is, no doubt, too familiar to call for specific mention. Yet 
7 such troubles are the most tiresome to detect and remedy in practice. Water- 


ition =| Jocks in the tubes to the pressure points (due, may be, to deposition of moisture 
on the outer cover), and air-locks in the auxiliary connections between the 


with manometer tubes and the reservoir, are by no means uncommon; and experience 
e at 
wes Diameter of pipe = O:187inches 
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and 
sure- | has shown the necessity for frequent inspection of all the connections. A 
's Ol remarkable illustration of the ease with which apparatus can be put out of adjust- 
ised, ment was afforded just prior to a flight on R.32, when the bulk of the liquid from 
ably the manometer was found distributed in various parts of the 200 ft. main to a 
; ving head. It was inferred that this particular re-arrangement of the equipment 
both resulted from momentary curiosity (or playfulness!) on the part of some unofficial 
ubes Investigator ; but the damage took several hours to rectify. 
stra Representative Results (R.32* and R.38').—On airship R.32 pressures were 
bing measured only upon the upper rudder and fin, the holes being paired on the port 
ould and the starboard sides (Fig. 7). In view of the flat construction of this fin, the 
le of results are reduced to express the total effect due to the pressures on both sides 
ment; of each selected position. 
je to With R.38 the arrangements were more elaborate and extended to the port 
nt to horizontal fin and the upper rudder and fin. The fins on this airship differed 
2rees from those of R.32, in that they were V-shaped and hollow; and although the 
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pressure plates were paired on opposite sides as faithfully as the girders permitted 
(Fig. 8), it was considered more logical, in the case of the fins, to express the 
results in terms of the differences between the external pressure on each side 
and the static pressure in the interior of the fin. With the rudder, however, the 


5 
$7778 
5 2 
a 2u 
| 
° 
8 5 
5 ba 


Upper Rudder 


Be 
Ge 


—--Oreg— 
FIG. 7. 


Dimensions in millimetres. 


total pressure was again calculated by inclusion of the pressures acting on 
opposite sides under a single value. The conventions adopted may be sum- 
marised as follows :— 
p (ibs./ft.2) denotes difference between normal pressure and_ static 
of atmosphere. 
For R.32, P (lbs./ft.*) denotes total pressure, resultant from opposite 
sides. 
For R.38 rudder, P (Ibs. /ft.*) denotes total pressure, resultant from | 
opposite sides. 
For R.38 fins, P (lbs./ft.*) denotes total pressure, resultant from one | 
side and static in fin. ' 
Pressure coefficient K=p/pv?. 
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Potal pressure coeflicient A =P pr*. 
p (slugs ft.*)=air density. 
r (ft. /sec.)=forward speed of airship. 
Phe conventions for signs are indicated with the tables. 

On both airships records were obtained for various types of navigation, | 
However, in view of the inaccuracies which might attach to the measurements | 
of rapidly fluctuating pressures, special attention will be paid to results which 
relate to steady flight, or to conditions where unduly rapid changes need not be 
suspected. Among such results the greatest uniformity may be anticipated from 
turning trials, undertaken with the rudders clamped at the after end of the ship. 


EXPERIMENTS on AIRSHIP R.32. | 
Toto! Pressure Coefficients during Curning trials at various Speeds. 
Fin Position No.4 | 


19° Rudder Angie. 


Total Pressure Cocthiclent (Prev?) 


° 


° 


Speed Frsec. 


Fic. 9g. 


Table 3 is representative of this class of measurement, and gives the total 
coefficients for the fin and the rudder of airship R.32, due to both high-speed 
and low-speed turns under high rudder angles. The columns headed ‘* mean 
and *‘max.’’ give the average and the maximum pressures respectively, as 
determined for each condition from a large number of independent photographs. 
A comparison between such columns will exhibit the fact that measurements 
carried out even under nominally steady conditions are liable to considerable 
variation. The table, moreover, illustrates a feature which is general amongst 
the pressure results for R.32, namely, that the coefficient is subject to definite 
decrease with increase of speed. 

This speed effect is clearly represented in Fig. 9, which summarises the full 
results for fin position No. 4 as derived from turning tests at various speeds with 
various angles of rudder. It is possible that these changes may in part be 
attributed to scale effect, and in part to the greater relative importance of atmos | 
pheric disturbances at low speeds. In this connection it may prove relevant to 


| 
= 
| 
| 
= 
100 


2 


+ 


XPERIMENT 


4 


FULL-SCALE 


AND 


RIGID AIRSHIP 


THE 


Soro 


So'o- 


00°O 


4+ 


fg 


Jo Sopis ON 
to:o- 


4 


ROCO 


go'o - 


Soo 


foro 


Soro 4 


00°O 


Ho'o 4 


2°69 


+ 


uodn soanssaid ayy apnpout 


00°O 
10'0 

toro + 
+ 
Qo'o — 
10'0 
+ 
+ 


+ 


‘paads ‘susppny jo apsuy 


uo ainssaig [P10] 


tota! 

an 
nents 
arable 
ongst 
finite 
e full 

with 


e 


61 
gi 
Zi 
gl 
St 


£1 
zt 
IT 


OI 


rt be | 


nt to 


eo 98 99086 6 
mo 395599 9 
66666 6 € 6 
ments | 
ship. 
peeds,. 
aveee yee 
+ S 
oes F999 F999 9 
~ 
= = +t tO A 
moe 8 g 
| | fa + + i : 
+ + | t ++ 


424 THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


remark that wind-tunnel experiments have shown that the pressures on a model 
rigid airship hull* may be subject to a scale effect, which itself varies, as it were, 
erratically from point to point of the model. The precise significance of the 
changes of coefficient observed on full-scale is imperfectly understood, and any 
future investigation of the pressure distribution over a hull would certainly prove 
incomplete unless it extended to a wide range of speeds. 


Diagram showing Totel-Pressure Coefficient at zach 
POSITION in upper Fin and rudder 


Aft. 
® +© : 
+ 
+0-37 6+ 
©, +0-40 
Fin, 
Rudder +@ 
-0-06 
| 


Turning Trials 


Exp'*88a to 88e Speed 76-4-Ft/sec. Rudder Angle 19° Star™! | 
Positive sian denotes force to Starboard. 


Fie. 1a. 


Fig. to provides a diagrammatic representation of the pressure distribution | 
over the upper fin and rudder for a typical turn of R.32. The high pressure 
region lies well forward, both on the fin and the rudder, and it appears likely 
that during a turn to starboard the total force on the rudder will act to port. 
The only available results for a steady turn of R.38 under a relatively large 
rudder angle are given on Table 4, the coefficients refer to the rudder and are all 


unimportant. 
TABLE 5. 
R.32 Airship Turning. 
(Total Pressure Coefficients.) 
Model Full scale 
(40 ft. /sec.). (55 ft. ‘sec.) 
Rudder Angle. Rudder Angle. 
; = a 

Position. 3. 15 S. mean. max, mean. max, mean. max. 

0.22 0.19 0.2 0.31 0.32 0.39 

4” 0.26 0.45 O.13 0.18 0.17 0.27 0.22 0.34 

0.24 0.45 O.14 0.43 0.55 

6* 0.06 0.08 0.09 0.08) O.11 0.05 0.09 0.05 

o o oO +€.01 40.03 -0.03 —0.04 —0.04 —0.06 

8* 0.03 0.02 0.03 0.04 0.07 0.03 0.06 0.04 0.07 
9* —O.12 —0.22 —0.32 +0.01 40.12 ~—0.15 —0.20 —0.25 —0.3§ | 
10* —O.1Q —0.32 —-0.55 --0.13 0.20 —0.28 -0.40 -—0.54 —0.70 
fe) —0.16 0. 50 0.07 0.19 —0.29 -—0.48 0.63 
* These refer to positions of holes on full scale. } 
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Reference has already been made by Dr. Jones* to certain comparisons 
(Table 5) between the results obtained for steady turns of R.32 and the pressures 
predicted from experimental work in a wind-tunnel. For this work the angle of 
vaw of the model fin was assumed to be the mean local angle of vaw at the fin of 
the actual airship. The comparison, as far as it goes, has led to fair agreement ; 
but an exact analogy with the full-scale conditions devolves upon future experi- 
ments on a whirling arm. On the other hand, a direct comparison between full- 
scale and model would have been possible, had records become available of the 
pressure upon the horizontal fin of R.38 for horizontal flight with the airship 
inclined at large angles of pitch. It is strongly urged that renewed efforts should 
be made in the future to supply these particular data, which have already been 
fruitlessly pursued on two airships. 


Diagram showing fotel-pressure Coefficienr ar cach 
position in upper Fin ond rudder, 


Rudder 


Exp? Speed Frfsec. 

Positive siqn denotes force Co Starboard 
FIG. it. 

(h.32) Upper Rudder Locked at to? Starboard, Lower Rudder varying 


With RK.32 an attempt was made to simulate wind-tunnel conditions by 
locking the upper rudder to starboard and steering the straightest possible course 
with the lower. This procedure was calculated to promote steady conditions over 
the upper fin and control surfaces, but the course could only be maintained 
approximately, and this with considerable difficulty. Fig. 11 is representative of 
this class of measurement, and shows that the pressures observed were by no 
means excessive. This is all the more remarkable in that, from the testimony 
of various observers, this type of navigation produced varying strains on the 
hull, which were probably more severe than those incurred with any other 
manwuvre. Table 67 gives the mean coctlicients calculated from the whole of 
the records of this class obtained at high speed, and provides a comparison with 
the results of wind-tunnel experiments. 

The greatest displacements of liquid recorded for R.32 and R.38 relate to 
unsteady manceuvres. On R.32, during rapid reversals of helm (¢.g., rudders 
from hard over port to hard over starboard in 7 seconds), the maximum column 
registered at position 10 furnished a total coefficient of 1.2, equivalent to a pres- 
sure of about 18 Ibs./ft.2 at 80 ft./sec. In the last half hour prior to the accident 


* C1], [ro]. 


+ Tables 5 and 6 have been extracted from the original report, R. & M. No. 8o8. 
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on R.38, the highest measured total coefficient for the rudder was about 1.0 at 
a point on the forward part of the balancing horn; coefficients exceeding 0.5 were 
reached at this position on eight occasions. It is, perhaps, useless to delay over 
quantitative results which, for reasons already adduced, may be subject to some 
uncertainty. However, by way of conclusion, a brief reference might be made 
to the qualitative significance which has in the past been attached to these par- 
ticular pressure records obtained on R.38. 


TABLE 6. 


Rudders at Opposite Hands (R.32). 


Total Pressure +pV?. 0° Yaw.! 
Model (40 ft./sec.). Full scale (85  ft./sec.). 
Position Rudder Angle. Rudder Angle. 
5° Stbd. 10° Sthd. 5° Stbd. 10° Stbd. 
2" — 0.004 - 0.009 — 0.001 —0.010 
-- 0.008 — 0.013 +0.410 + 0.384 
— 0.006 — 0.013 — 0.040 — 0.051 
Go” — 0.008 — 0.013 -- 0.006 — 0.028 
~0O.021 0.018 —O.O11 0.034 
8* 0.018 0.058 0.023 -0.058 
—O.116 0.337 — 0.194 — 0.351 7 
10* 0.318 0.233 — 0.506 
0.041 O.112 — 0.135 — 0.315 


+ On full scale, upper rudder locked to starboard, lower rudder varying to give 
straight flight. ‘ 


In $5, Appendix VII. of the Report* on the accident to H.M. Airship R.38 | 
it is explained that the Accidents Investigation Sub-Committee ** relied on the 
pressures recorded and not on statements as to the exact amount of helm.’’ A 
particular type of evidence latent in the records will be sufficiently illustrated 
by Table 7, which has been compiled from photographs taken within a few 
minutes of the accident. Exposures were being made at the rate of about three 
per two seconds, and the entire group of photographs relevant to Table 7 corre- 
spond to some steering manoeuvre undertaken approximately at 5.33 p.m. The 
precise nature of this manoeuvre has not been disclosed, since the rudder angle 
indicator which was fitted to the manometer board had been damaged and was 
failing to register. However, on examination of the tabulated coefficients it 
appears that the signs of the more important pressures on the rudder must have 

. changed during the course of the maneeuvre; and so, although the results cannot 
be accepted as quantitatively reliable, vet they expose the fact that fairly rapid 
changes of helm were in progress. The conclusions reached by the Sub-Com- 
mittee as to the course of the accident are in part based upon an elaboration of 
such evidence. 


(2) Turning and Steering Trials 

Equipment.—.A calculation of the turning characteristics of an airship entails 
a knowledge of the forward speed V,, the angular rate of turn r, and the local 
angle of yaw §,, as observed ut some specified point on the airship. The | 


1° 
conventions which have been laid down in regard to signs and symbols are 
indicated in the accompanying diagram. 
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STEADY TURNING of AN AIRSHIP 


(Allquantities are represented in the positive 
SENSE; IN thecase of an actual turn $4 
would be Negative). 


R (feet) 

v (radians) 

r, (radians/sec.) 
ad (feet) 
V (ft./sec.)... 
V, (ft./sec.) 

8 (radians) 

8, (radians) 

m (slugs) ... 
mX (Ibs.) ... 
mY (lbs.) ... 
C (slugs ft.?) 
CN (Ibs. ft.) 

p (slugs/ft.) 


¢ 


(ft.) es 
8 (degrees) 
u, v 


Fic. 12. 


denotes the centre of mass of the airship. 


Station selected for observations of yaw 
speed. 

centre of turning circle. 

radius of turning circle. 

o azimuth of CO at any stage of turn. 

rate of turn. 

distance OP. 

true forward speed at 0. 

o local forward speed at P. 

- true angle of vaw at O. 

~ local angle of yaw at P, 

i. mass of the airship. 

longitudinal force. 

lateral force. 

he moment of inertia about normal axis OZ 

si yawing moment about normal axis OZ. 

és air density (standard value 0.00237). 

- displacement of the airship. 

- distance of c.p. of forces on fins from 0 

a5 angle of rudders. 


denote the components of V along OX and OY. 
components of V, along OX and OY. 
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Rj29. (ORIGINAL FIN 
URNING 
Ast aT 15° Pory. 


Observations. 


Mean Speed Mean. 
Expl. NO (racharspec) 
74°93 0:0242 
48 54-6- O-O'7E 
19 3/°6 00-0108 


© Master Compass 
Aft Car Compass 


Sundial and Master: Reacings (Degree) 


and 
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Of the foregoing quantities, 1) is normally observed by means of a flying 
anemometer head, r, either by sundial or compass, and 8, on some type of vaw 
meter. The following kinematical relations connect the components of velocity 
at the points O and P. ‘ 


u=u,=V cos B=V,cos : (1) 
=ar,—V sin B : : (2) | 
The quantities 8, V, ht, are therefore expressible in terms of elements directly 
observed, by successive application of the formule 


tan B=tan 8, +ar,/V, cos B, (3) 
ReVir, . ‘ (5) 
Further, during a steady turn, the kinetical conditions satisfied are 


A description of the flying anemometer head is reserved for a later section, 
which relates specifically to measurements of air speed. Attention will here be 
confined to a brief discussion of the use of the compass, sundial and yaw meter. 

When conditions permit, a sundial is doubtless preferable to a compass for 
measurement of the rate of turn, since——as is well known—the latter instrument 
is subject to a lag in turning away from north.* This deviation, which is also 
in accordance with experience on aeroplanes, results in the readings when plotted E 
against a time base, lving on a distinctly sinuous curve. The effect is illustrated | 
in Fig. 13, which provides a comparison between the two methods for a group | 
of turns carried out on airship R.29. For the turn at speed 74.9 ft. per second, | 
observations were taken on a compass in the after car, and on a sundial and a | 
master compass, both mounted at the top of the climbing shaft; and it will be | 
seen that, whereas the sundial results plot almost rectilinearly, the readings of 
both compasses determine the same average slope, but are sinuously disposed. 

In general, with use of either type of instrument, readings should be taken 
at least every 20 seconds, and should extend over a period of six or more minutes. 
Under such conditions the results will normally furnish graphs whose slopes are 
tolerably definite ; consequently, the quantity r, is calculable to a sufficient degree 
of accuracy. Indeed, it appears unlikely that either method is open to any serious 
systematic defect; although, if measurements of this nature are required in con- 
nection with a periodic or unsteady course, a sundial should clearly be used in 
order to eliminate errors due to inertia. It should, moreover, be noted that for 
certain classes of work the sundial readings might require correction to the extent 
of 15 degrees per hour, to allow for apparent motion of the sun. Erroneous 
results might also accrue if the airship were subject to large displacements in 
pitch. 

The method which was usually emploved in the past for the measurement 
of vaw (8,) may be dismissed as extremely unsatisfactory. The normal pro- 
cedure was to support a yaw head of standard 120° design by means of a mast at 
a distance of some 10 feet below the bottom of the control car (Fig. 14). The 
streamline staff which carried the head was held from the car in a bearing, such 
that the vaw head could be rotated about its vertical axis; a pointer and a 
degree scale, attached to the top of the staff, served to indicate the amount of 
rotation. Rubber leads were carried from the two tubes of the head through | 
the mast and connected to opposite sides of a standard diaphragm indicator. For } 
the measurements of vaw the following routine was adopted. A zero position | 
was first obtained by flight on a straight course, the vaw head being turned 
until the pressures were balanced. For any other condition of flight, the head 
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STAFF 7s 
ConTRoOL CHR. 


| 
] 


RiGiD R33 
THE YAWHEAD, 


NoTE:- Head can be 


rotated about this 
vertical axis. 

{ 

| 

| 


Was again adjusted until balance was reinstated; the amount of rotation from 
the zero position determined the angle of yaw. 

Experienc e on past flights has shown that this procedure is neither convenient 
nor conducive to accuracy. Owing to the incessant atmospheric disturbances, a 
satisfactory position of balance can seldom be maintained, or even attained ; 
consequently, in view of the time devoted to each adjustment, the number of 
independent readings possible is wholly inadequate. In short, a null method of 
this nature cannot be recommended except for conditions ef steadiness comparable 
to those in a wind-tunnel. The suggestion has been put that the accuracy might 
be improved by location of the vaw- -head further aft on the airship, where the 
angle under measurement is correspondingly greater. Such a change would 
involve the risk of disturbances due to the hull and to the slipstreams of some 
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of the airserews. Moreover, the greatest unavoidable source of error centres in 
atmospheric disturbances, which are presumably not less important aft than 
forward; and since the angle of vaw for any point of the airship can be calculated 
from the measurements forward with no great additional inaccuracy, it appears 
that no substantial advantage would accompany the alterations proposed. 


‘To airship 


Cane Reinforcement 

"To weight 
Detail of Cong for Yowmeter 

Fic. 15. 


On R.38, owing to the limited accommodation in the control car, the mast 
type of vaw-head could not be fitted. In the emergency use was made of an 
alternative method, which had already been put to a preliminary test on R.36 
and R.80, although with inconclusive results. The apparatus (Fig. 15) has 
distinct advantages over the original type in regard to simplicity. For K.38 a 
heavily weighted line was lowered from one of the forward hatches. A white 
tape of length 20 feet was tied 10 feet from the end of the line and carried on a 
bridle a light truncated cone of fine linen. With a cone cut to the dimensions 
shown, the tape was found to blow fairly steadily along the relative wind; and 
its direction with respect to a datum line on the ship could be registered against 
a scale attached to the hatch. A constant tendency for the plumb line to swing 
and carry the tape off the scale might be avoided by staying the point of attach- 
ment of the tape to the line. The equipment, with the additional development 
of some photographic scheme of recording, should prove efficacious. 

Turning trials carried out on a rigid airship with the helm held stationary 
are of little value, owing to the notable degree of stretch in the control cable. 
Each- rudder should be locked at the correct angle by means of some clamping 
device, preferably constructed of hard wood and designed to grip together the 
relevant pairs of control cables at the after end of the airship. Fiducial marks 
on one cable of each pair are useful to indicate the correct rudder angles against | 
specially calibrated scales. The extent to which errors might be incurred by } 
neglect of the foregoing precautions may be judged from the fact that at one 
stage during the second trial flight of R.38 the helm was inadvertently brought 
to amidships without the helmsman detecting anything unusual, although both 
rudders were connected to the helm and the lower one locked aft at 10 deqrees. 
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tepresentative Results (R.260, R.29, R.32, R.33, R38).*—The local angle 
of yaw £,, as measured on various classes of airship in the vicinity of the forward 
car, has never been found to exceed 3 degrees, whilst the calculated angle § at 
the centre of mass rarely exceeds 7 degrees. It may be inferred that the 
observed speed V agrees with the true forward speed V to an accuracy within 
1 per cent ; consequently, equation (3) may be used in the approximate form 
In Table 8 the angle of yaw £ at the centre of mass and the local angle /, 
appropriate to the hinge of the rudders (as calculated approximately on the basis 
of equation 8) are given for a number of airships. 


TABLE 8. 


Angle between 
Local Angle at Rudders and 


Angle oi Angle of Yaw Rudders Direction of 
Rudders f B, Motion at ‘Tail 
Airship, (degrees). (degrees), (degrees), (degrees), 
15 3.8 8.6 6.4 
R.209 10 2.8 6.3 
5 1.7 3: 1.2 
19 6.5 14.0 5-0 
15 5-2 255 
10 4.2 9.5 + 0.5 
5 3.0 6.8 1.8 
( 15 14.5 +0.5 
R.33 10 11.9 —1.9 
5 4.6 = 4.6 


With reference to the foregoing table, it should be understood that the 
local angles of yaw £, specify the direction in which the tail moves relative to 
the longitudinal axes of the airship. They are purely theoretical values and do 
not necessarily agree with the effective angle of incidence of the air at the rudders ; 
the flow in this neighbourhood may, of course, devolve upon the directive influence 
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of the hull and the fins. The first data of this nature to be published were those 
in connection with airship R.33, from which it appeared likely that the theoretical 
direction of flow at the tail would in the case of other airships also become 
approximately parallel to the rudder for the smallest turning circles. However, 
the more complete figures now available show that no such general conclusion 
can be drawn. 


TABLE 09. 


MEAN DIAMETERS OF TURN FoR Various AIRSHIPS. 
Rudder Diameter of turning circle (feet). Mean turning 


Angle Mean values Coetlicients 
Airship. (deg. ) Port. Starboard. for Class. for Class Remarks. 
19 4,900 4,400 4,050 7°50 
R.32 15 55710 5,280 55495 8.95 
10 0,990 6,245 6,615 10.75 
9,270 9,030 9,150 14.90 
19 55350 9.82 
R.29 15 6,005 6,490 6,280 11.65  R.2g with — original 
10 8,270 8,710 8,490 15.76 fixed fin area. 
7 5°75 
5 13,800 14,550 14,200 260.30 
Ic 850 8.9¢ 
from upper fixed fin. 
5 10, 300 11,200 10,750 20.00 
I — 3,000 6.67 
R.29b 41320 4 fabric removed from 
59215 51035 9-3 upper fixed fin. 
5 6,860 7,200 7,03 13.05 
15 4,910 4595 4,740 7-35 
R.33 10 6,035 5,600 5,815 9.04 
5 71585 7,095 75340 11.40 
R 190 2-90 Estimated by _ inter- 
5 15,700 29.30 
R.28 10 6,545 — — No further results 
3 5 8,640 8,405 8,520 12.7 available, 


Turning coefficient = Diameter of turning circle/length of airship. 


In practice, a group of turns is carried out for each rudder angle over a 
range of speeds. A careful analysis of the results for such groups has_ beet 
made with various airships, and it appears that the turning diameters measured 
for any given angle of rudder tend, on the average, to increase slightly with 
speed (e.g., Fig. 16). The values for mean diameter quoted in Table 9 must be 
understood to represent averages taken over the speed ranges of test. In general, 
for any given airship, the diameters for the turns to port and to starboard under 
a given rudder angle will not be found in exact agreement. The discrepancies 
are presumably due to slight lack of symmetry in the airships, or to inequalities 
of airscrew thrust. It is, therefore, well to remember in this connection that 
during such trials the port and starboard wing engines should be run at the 
same r.p.m. During a turn with a large rudder angle, the forward speeds at 
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the airscrews of such opposite wing engines may differ by 2 or, perhaps, 3 per 
cent., owing to the circular path which is being flown ; but a gt eer based 
upon the performance data which are available for the airscrews of R.32,* has 
shown that such pairs of engines will continue to run, at almost identical speeds, 
for the same position of throttle, and that no spurious turning moment of impor- 
tance is introduced due to a possible difference of airscrew thrust. 


The lateral force mY relevant to any condition of turn may readily be 
calculated from equation (6); for a turn of R.32 under full helm and power the 
force would amount to about 4.8 tons. No direct comparison can be made with 
wind-tunnel data, since the lateral force is functionally dependent upon both 
the translational and the rotational motions. An artifice commonly adopted, and 
supported by experimental evidence, is to separate the lateral force mY linearly 
into two components, of which the first (r, mY,) is due to pure rotation, and the 
second (mz) corresponds to translation. A similar hypothesis is made in regard 
to the moment CN. The kinetical relations (6) and (7) are, accordingly, written 
in the form 

The application of the foregoing equations to the prediction of turning per- 
formance has been developed in considerable detail by Dr. R. Jones, and an 
exposition is included in his R.38 Memorial Prize Paper. It is therefore unneces- 
sary to enlarge further upon this topic, except in such directions as immediately 
affect full-scale experiment. 

Of the quantities which appear in these relations, Y and N are directly 
determinable in a wind-tunnel, whilst a value for N, can be obtained by oscillation 
experiments. In the future it is hoped to measure the derivative Y, under condi- 
tions comparable with those of full-scale, namely, upon the whirling arm. <A 
position would then be reached in which a bona fide comparison would be possible 
between the full-scale and the predicted turning performances; but such a com- 
parison will not be exhaustive, unless in the meantime more reliable experimental 
data (notably, values for the angle of yaw) become available for full-scale. 


At the moment, however, the need for greater accuracy impresses itself, and 
possibly more forcibly, from another aspect of this same question. It will be 
remembered that, in the absence of a measured value for Y,, a further relation 
is used to amplify the conditions (9) and (10), as already laid down. It may be 
taken in the following approximate form :— 


the quantity AKA remaining unaltered for turns of any particular airship. The 
experimental evidence upon which this relation rests is, of course, in part derived 
from the wind-tunnel and in part from full-scale; it is surveyed in the paper 
already cited. Such testimony as has been derived from the full-scale side is 
here presented in extenso, in the belief that it gives some prominence to the need 
for more extended and stringent full-scale research. The individual values of 
the product RB, as derived from all the complete turning trials carried out to date, 
are summarised in Table to. No allowance has been made for possible speed 
effects in the computation of the means for turns under a_ particular angle of 
rudder. The overall average constants Rf obtained at the end of the table are 
representative of the entire turning regime of each class of airship; and the 
extent to which the individual products vary from the average figures will be 
sufficiently a The ratio of the highest to the lowest values amount to about 
1.4 for R.32, 2.3 for R.29, 1.5 for R. 29 (a) and (b) and 1.3 for R.33. Such 
discrepancies can | mainly be attributed to inaccuracies in sa measurement of yaw. 
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TABLE to. 
INDIVIDUAL VALUES oF RB FoR VARiIous AIRSHIPS. 
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Angle of Value of RB (ft.).* 

Rudder. R232. R.20. R.29a. R.20b. R.3 
250 = — — 
241 — — 
Mean 261 — 
.? 242 213 243 237 264 
247 220 255 212 292 
244 220 249 220 295 
Mean 247 218 249 223 286 
S 216 171 209 214 256 
260 208 203 2a 283 
261 204 198 209 —- 
259 — 196 212 — 
Mean 250 194 201 211 269 

10° P 248 217 281 223 2 
226 2ay. 246 225 288 
217 229 195 225 304 
230 261 — 307 
— — 271 
Mean 230 236 241 224 202 
10° S 207 191 226 202 277 
271 181 207 219 270 
270 166 213 228 276 
157 198 207 
Mean 249 174 2u1 216 278 
229 252 269 327 
229 362 276 233 329 
254 241 271 232 314 
236 292 226 186 313 


Mean 
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Angle of Value of RB (ft.).* 
Rudder. R.29. R. 29a. R.20b. R33. 
5 Ss 213 35.87 213 221 283 
209 30.4 242 227 273 
210 — 207 105 292 
281 — 195 171 205 
i 
Mean 241 33:9: 214 196 279 


* Speed effect is neglected throughout this table. 8 is measured in radians. 
t These values for R.29 are exceptionally low, and they have been neglected in 
calculating average values. 


AVERAGE VALUES oF RB. 


RB (feet). RB/vol.'/* 
R.32. R.29. R.29ga. R.2gb.  R.33. R.32. R.29. R.2ga. R.29b. R.33. 
247 222 228 217 286 2.10 2.18 2522 2.20 2.20 


Mean Value of R/vol.'/3=2.18. 


A brief reference to a class of trial, intended to assess the degree of con- 
trollability of an airship on a definite course, must serve to conclude the present 
section. Limits are prescribed to the amount of departure permissible from the 
course; and the course is steered with a minimum use of the helm. A com- 
parison between experiments of this nature on different airships is barely 
; legitimate, unless the personal element is sufficiently suppressed. In the past 
j the same helmsman (J. R. Pannell) was employed for all the trials. 
| Figs. 17 and 18 are representative of the type and provide a striking com- 


parison between the behaviours of airships R.38 and R.29 when held closely to 
a course. The experiment on R. 29 commences at time 5 minutes and continues 
for 22 minutes. During this period the rudder angle was limited to 2° port or 
starboard, and was only changed twice; the deviation from the mean course lay 
within 18 degrees. In the steering trial on R.38 the mean course was 150° ove! 
the initial 16 minutes and 155° for the remainder of the experiment. The 
departures from course were certainly progressively reduced, but the number of 
changes of rudder angle necessary were greater than for any other airship 
examined, with the possible exception of R.36. In the latter case, however, the 

trial was carried out in bumpy weather. A careful analysis of such diagrams has 
led to the conclusion that R.38 was less controllable on a course than was R.32, 
and that the latter was distinctly inferior in this respect to R.29. 


(3) Measurements of Resistance and Airspeed 


_ Theory and Equipment.—At any stage of horizontal flight, with the airship 
trimmed to a level keel, the motion is governed by the equation 
in which T (Ibs.) denotes the total thrust of the airscrews. 
Rk (lbs.) denotes the resistance of the airship. 
M (slugs) denotes the mass of the airship. 
i V (ft./sec.) denotes true forward speed. 
In cases where this motion is not uniform, both T and R_ will be 
dependent upon V and its derivatives with respect to time. It is normally 
assumed that the total resistance in accelerated motion is expressible as the sum 
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of two terms, the first (/?,) corresponding to steady flight at speed V, and the 
second (mdV/dt) providing an allowance for acceleration (or deceleration). On 
this assumption 


R=R,+m(dV/dt) . : (13) 
additional inertia being introduced in the form of a sicseittiathanl: mass m. It 
will be unnecessary to “enlz irge here upon the experimental work* which has been 
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carried out on models in connection with these effects. There is reason to believe 
that for airships the added mass m will not exceed 20 per cent. of M; and for 
airships of large fineness ratio the effect is probably small. In the absence of 
accurate information under this heading the acceleration term is usually neglected 


* fi, page 125]. 
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in the computation of the resistance coefficient from the results of deceleration 
trials. For such tests, with T=o in equation (12), the complete equation of 
motion becomes 


Ro=—(Mim)dV/dt . ‘ (14) 
In conformity with normal practice, the component [?, may be expressed in terms 
of a coefficient (',, such that 
where the quantities p, 1, are defined as on page 428. Hence, the relation (14) 
may be written 
C,=(M + ne) | dt (1/V) ‘ (16) 
It will be clear, therefore, that the values for C,, computed for full-scale on the 
hypothesis that m is negligible, will be somewhat too small. With this simplifica- 
tion, however, the last formula reduces to 
the mass M being identified with the quantity pl*, since the airship is adjusted to 
static equilibrium for the tests. For most airships examined hitherto, the graphs 
of 1/V against t have been found approximately linear, except perhaps at low 
speeds. They have accordingly furnished constant resistance coefficients over 
the speed ranges of test. 

In the special case of steady motion equation (12) merely equates the total 
airscrew thrust to the resistance R,. The direct procedure for the determination 
of resistance clearly devolves upon thrust measurement; and, in view of the 
uncertainties entailed in the former method, the development of a suitable experi- 
mental technique is a matter of some importance. Various unsuccessful attempts 
have been made in the past to determine on full-scale the thrust by measurement 
of the difference of total head between the inflow and the outflow sides of the 
airscrew disc. ‘The most extensive work of this nature was carried out in cons 
nection with the after airscrew of R.32, but the investigation could not be 
completed before the airship was due for deletion. The method of deriving the 
thrust from the measured differences of pressure is as follows: 

Let p,, p. (Ibs./f{t.*) denote the values of total pressure, as measured, respec- 
tively, at a radius r from the axis by pitot tubes directed upstream just in front 
of and behind the dise of the airscrew. Further, let 

D (feet)=diameter of airscrew. 
v (ft./sec.)=forward speed of airscrew. 
Then the thrust 


D/2 
oO 


On R.32 the distribution of pressure was measured by means of pitot tubes, 
which admitted travel along one horizontal radius forward of the airsecrew, and 
along one horizontal, and the upward vertical, radius aft. The positions of the 
tubes at any time were recorded on special scales, but the mechanical arrangements 
were peculiar to the design of the car and eall for no detailed description here. A 
serious objection to the method used is that each complete exploration of pressure 
extended over at least 10 minutes, during which the already somewhat disturbed 
flow near the airscrew was apt to be further affected by the occasional erratic 
unsteadiness. of flight. Some arrangement which provides an_ instantaneous 
record of the complete pressure distribution along two or more representative 
radil, both forward and aft of the airscrew, would undoubtedly be preferable. 
This might be effected satisfactorily by means of groups of fixed pitot tubes 
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spaced appropriately along the selected radil, the differences of pressure at all 
ints being registered simultaneously on a photomanometer. It must, however, 
be admitted that the reliability of the method in relation to the measurement of 
airship resistance has still to be substantiated, and it is possible that more rapid 
and satisfactory progress will be made by development of some simple type of 


mechanical thrust-meter. 


Ga Fabric Wrapper 


4 Rubber Tubes to indicator 


Direction of Fi Might | 


Tube ] 


Streamlined 
Weight (10 /bs) 


FIG. 19. 


The type of flying anemometer head, as used in past experimental work for 
the measurement of forward speed under steady or decelerating conditions, is 
illustrated in Fig. 1g; it furnishes a pressure difference of Spv?, which was 
normally measured on one of the standard classes of diaphragm indicator.* The 
vanes are intended to keep the head along the wind; whilst freedom in a vertical 
plane is allowed by mounting the anemometer between centre points. A stream- 
line weight, which ranges between 1o and 20 pounds according to the distance 
to which the instrument is to be lowered, is attached in order to reduce the down- 
wind drift of the head. The rubber leads to the manometer, and the stranded 
cables supporting the total weight are firmly wrapped with fabric; they may, 
alternatively, be enclosed in some flexible case. 

It is probable that the design can be considerably improved. After protracted 
handling the fabric was apt to fray or tear; and leaks were liable to develop at 
the soldered joints of the head. Moreover, the vanes, as constructed of aluminium, 
were hardly sufficiently robust for extended use on airships. 

For special explorations of airspeed distribution below the tail of R.32 a 
fying anemometer was employed with a run-out of 100 feet of tubing. A 
considerably shorter length suffices for routine airspeed measurements, as 
ordinarily conducted from the forward car. On R.33, for instance, a flying head 
with a run-out of some 20 feet was fitted as part of the normal equipment of the 
airship, and its indications agreed satisfactorily with those of the 5o0-foot N.P.L. 
anemometer. 

In cases where an accurate knowledge is required of the exact position, 
relative to the airship, at which speed is being measured, due allowance is 
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necessary for the down-wind drift of the head. It may be shown that the curve 
assumed by the tubing under the action of the wind forces approximates to the 
form 
K 
w 


in which 2K=w/A, 
w (Ibs.)=weight per foot run of tubing. 
A (Ibs.)=drag per foot run of tubing in normal presentation. 
y (feet)=vertical ordinate of any point P of the tubing. 
v (radians)=inclination of tangent at P to horizontal. 
T (Ibs.)=tension at P. 


Calculated drift of 100 ft. flying head (weighted with 20 lbs.). 
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FIG. 20. 


Vertical Ordinate (feetl 


The constant a is determinable from the end conditions. Fig. 20 represents | 
the appropriate curves at three wind speeds for the exploring head used on | 
airship R.32. A few direct measurements of the down wind displacement were | 
made during flight, and the agreement with the foregoing theoretical curves was 
tolerably satisfactory. 

For investigations of airspeed in the close vicinity of the hull a_ special 
anemometer head was used, admitting travel along a slotted mast some five feet 
in length. A fixed head at the outer end of the mast provided a local reference 
speed. 
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The experimental evidence* which has already been adduced in connection 
with the transmission of fluctuating pressures in pipes will suffice to indicate 
that a flying head is unsatisfactory for accurate measurements of a rapidly 
changing airspeed. The defects are inherent in’ the instrument, irrespective 
of any further objections which might attach to the use of normal types of 
diaphragm indicator for such work. Similar objections, no doubt, apply to the 
measurement of airspeed decay during deceleration, and improvements of ap- 
paratus for such tests are highly desirable. It is possible that an application of 
the methods of hot wire anemometry might go far to eliminate almost completely 
both air lag and inertia effects. 

Some general considerations may be useful in connection with the routine 
for deceleration tests. Experience has shown that kinematograph records of the 
pressure indicator and chronometer readings are advisable in addition to visual 
records, more particularly during the earlier stages of deceleration, owing to the 
rapid rate of change of the pressure readings and to the need for a large number 
of observations. If a flying head and a diaphragm indicator have to be used, 
the latter should be of small capacity; a sensitive Munro indicator of metal 
diaphragm type was found suitable for the purpose. Before the actual trial, 
which should of course be conducted in the steadiest weather, the airship must be 
adjusted closely to equilibrium and horizontal trim. Ail engines should then be 
rung off from full power, if possible simultaneously, and the brakes applied with 
the utmost dispatch, so that the airscrew blades come to rest in a_ horizontal 
position. This should be done in order to afford a definite basis for comparison 
with wind-tunnel results. It may be of interest to remark in this connection 
that wind-tunnel experiments} carried out on large scale model cars of R 33 
have shown that the resistance coefficient for a complete car may be increased 
by as much as 50 per cent. due to the locking of an airscrew in the horizontal 
position; the effect is slightly greater for vertical locking. For these reasons 
it would appear that an economical procedure in normal navigation is to declutch 
such engines as are idle, but without application of the brakes to the airscrews. 

Representative Results (R.26, R.29, R.32, R.33, R.38)i.—lig. 21 gives the 
graphs obtained from three check deceleration tests carried out on R.32, and 
illustrates the nature of the variations which may be expected with this class ot 
trial. It will be seen that, except at the lower speeds, the results plot almost 
linearly ; over these linear portions, the slopes differ from a mean value 1.60 x 10 ~ 4 
by not more than 5 per cent. 

At the lower speeds, owing to the deficiencies of the method, the observations 
became relatively inaccurate, but the curves show a consistent tendency to steepen 
in this region. An increased slope corresponds to an increase of resistance 
coefhicient, which might be due cither to scale effect or to change in attitude of 
the airship and its control surfaces. In practice exact conditions of trim and 
equilibrium can rarely be attained. For instance, in experiment 119 the elevators 
were at a considerable angle throughout, and this, no doubt, explains the higher 
mean slope determined by the relevant observations. On the other hand, no 
progressive increase of pitch took place, and the altitude remained substantially 
1,000 feet. Consequently, there appears to be little left to account for the marked 
change of slope commencing at time 210 seconds other than inaccuracy of speed 
measurement or real scale effect. It is important to remember here that anomalous 
features appear to have attended many of the deceleration trials conducted on 
German rigid airships. The following passage is quoted verbatim from Report No. 
117§ of the U.S.A. National Advisory Committee for Aeronautics, a publication 
which relates specifically to the drag of Zeppelin airships, as measured by 
deceleration :—‘* . . . There is scarcely any body, if there is at all, the motion 
of the fluid around which or within which does not suddenl, and discontinuousiy 


* [18]. References as on page 433. § L25]. 
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verticaliy 0-02, Expr No 159 (Slope 


change under some particular conditions. We state that the air Aips investigateg | “5 
are no exceptions to this rule, but that such a discontinuity happens and _ the | dec 
coefficient of drag suddenly changes if the ships are retarding and their velocity is | &S 
Zo to 80 mi/h.”’ tat 
In the original report the characteristic graphs are give. for deceleration |‘ 
tests on nine German airships. In six cases the graphs show 1 decided discon- rel 
tinuity, the slope appearing to increase abruptly at some c.itical speed; the | ™ 
latter ranges between 30 and 50 ft./sec., according to the airship. After due 
discussion of these peculiar features, the author sums up his conclusions :— | res 
** Under these circumstances it is quite useless to make model tests for the deter- | the 
mination of the drag of particular airships, if in some way the effect of the | m 
change of seale cannot be eliminated. It may be that in particular cases the 
coeflicient obtained by the model test happens to agree with the full-sized 
coefficient ; but that proves nothing.”’ 
Deceleration tests on airship R.32. 
0 
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It is difficult to oifer any criticism upon the foregoing significant statement, 
since—although a pitot tube was undoubtedly used—the precise technique of the 
deceleration tests is not described. Rather than accept a discontinuous resistance 
coefficient within the speed range of full-scale test, the present writer would first 
prefer to suggest that the apparatus emploved for airspeed measurement might 
itself be amongst that general class of body ** the motion of the fluid around which 
or within which ’’ was susceptible to sudden and discontinuous change under 
some particular conditions. However, nothing useful can be gained by obscuring 
the fundamental importance of these questions from the standpoin. of theory and 
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idesign. It is safe. to say that with British airships the average results of 
‘deceleration trials have agreed surprisingly well with predictions from models, 
| despite the enormous differences of scale involved. Against this there have cer- 
ltainly been isolated cases of considerable apparent changes of coefficient on full- 
sale; and until morg refined methods of measurement are introduced, with special 
reference to low spe ds, no decision is possible as to whether these variations are 
‘eal or spurious. 

For completeness a table is appended, providing a comparison between such 
resistance coefficients as have been obtained on full-scale by deceleration, and 
the corresponding values predicted from wind-tunnel experiments on complete 
models.* 


TABLE 11. 
RESISTANCE COEFFICIENTS OF Various AIRSHIPS. 


Full scale from 
Full scale from = Speed, Power, 


Model Deceleration. ete, Ratio. 
Airship. (1) (2) (3) (1/2) 
R.29. 0.0232 0.0227 — 1.02 
0.0188 0.0187 — 0.99 
0.0166 0.0173 -O17 0.96 
S.S.E.3 (100,000)... — 0.0245 026, 


The result for S.S.E.3 (100,000) is of some interest since the envelope, of 
U.721 form, has in the wind-tunnel furnished an exceptionally low resistance 
coeficient—the value quoted in R. and M. 6077 being practically constant at 
0.0069 for the highest vl of test (75 ft.?/sec.), as compared with 0.0120 for the 
R.33! model hull. The view has, however, been held in certain airship circles 
that the change of envelope from the original S.S. to the new type did not, other 
things being equal, produce a faster airship. The coefficient c.o245 quoted in 
Table 11 for full-scale by deceleration represents the mean deduced from three 
out of six experiments, the others showing anomalous features, attributed to 
unsatisfactory conditions ; but the value is probably too low. From the decidedly 
meagre information available for complete models of this class, Mr. Pannell 
estimated that a 15 per cent. advantage on resistance might have been expected 
for the final airship due io the new form of envelope.§ He showed that this was 
in reasonable accordance with resistance figures calculated for various S.S. airships 
from their actual performance data. One general consideration might well be 
urged as naturally relevant to the foregoing results. Namely, that the full 
advantage of a low resistance hull can readily be sacrificed by incumbering such 
“ hull with parasitic resistances. 

It has been explained that the thrust experiments at the after airscrew of 
R.32 led to inconclusive results. Fig. 22 indicates such measurements as were 
made, and provides a comparison with the curve obtained by relevant. tests 
on a model airscrew (with car) in a wind-tunnel. The points throughout show 
very poor agreement with the curve. Moreover, considerable discrepancies exist 
between the thrust coefficients as derived from corresponding explorations oi 
pressure along the horizontal and the vertical radii. The results for Expt. 
70, however, are not without some interest, since they were obtained under 
relatively steady conditions with the after engine running at 1400 r.p.m. and 
all the remaining engines stopped. Consequently, the measured thrust should 


* For a discussion of these results see [1, p. too], 
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provide a value for the resistance of the airship. The following data are relevant 
to the experiment :— 
v=46.9 ft./sec.; D=17 feet; v/nD=0.306. 

A calculation shows that the resistance coefficients corresponding to the 
horizontal and the vertical explorations of pressure amount respectiv ely Lo 0.0191, 
and 0.0183,, giving a mean figure 0.0187. The exact agreement shown with the 
coefficient derived by deceleration is, of course, fortuitous; but the calculation 
may serve to illustrate the potentialities of such a method. 


Thrust measurements at after airscrew of R.32. 
+ 
oce pt 46. 
Expt.72 
OY Expt. 74. 
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Fig. 22. 


The measurements of airspeed are very comprehensive, and only a resumé 
can be given of the major results. Conjointly with a number of the speed trials, 
determinations were made of petrol consumption. Such measurements, however, | 
hardly fall within the purview of this paper. 

Table 12 provides a comparison between the speeds of a number of airships 
for full power. It should be understood throughout that the values quoted for 
airspeed have been referred to standard atmospheric conditions, i.c., a pressure 
of 760 m.m. of mercury and a temperature of 15.0°C., with p (air density) = c.00237 
(slugs/ft.*). 


TABLE 


SPEED OF AIRSHIPS 


Airship. R.26. R.20. R.32. R23. R.38. 
Average full speed (ft./sec.) 70.0 79.0 102.0 88,0 103.6 
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A careful analysis of measurements on R.32, extending over the period 
1919-1921, has shown that a slight decrease of forward speed, equivalent to an 
overall 3 per cent. increase of resistance, developed on this airship, evidently 
owing to deterioration of outer cover. The figure quoted in the table was 
obtained in the earlier flights. After all the fabric had been removed from the 
upper fin of R.29, the speeds proved about 5 per cent. lower than for the original 
airship, due to exposure of girders. This provides a significant illustration of the 
consequences resulting from parasitic obstructions of relatively small dimensions. 
The reductions of forward speed due to a steady turn are illustrated by the 
following further figures, which relate to turns of R.32 under full power. 


TABLE 13. 
REDUCTION OF SPEED Dtr To TURNS oF AlrsHIP R.32. 


Angle of Rudders Forward Speed 
(degrees). (ft./sec.). 
93:3 
QI.5 
87.0 
81.0 


No systematic information is to hand from full-scale as to the effects on 
speed arising from changes of inclination or angle of elevator. In practice the 
necessary conditions can rarely be maintained steady for a sufficient period. More 
generally, airspeed measurements repeated on different occasions for identical 
rotational speeds and combinations of engines are affected by local weather condi- 
tions and by the current state of trim and equilibrium. The discrepancies to be 
expected from such causes are sufficiently illustrated by the following. figures :— 


TABLE 14. 
FoRWARD SPEED OF AIRSHIP R.32 (ALL ENGINES RUNNING AT 1200 R.P.M.). 


No. of Mean 

Airspeed (ft. ‘sec.). observations — inclination 

Date. [xtreme values, Mean. of speed. (nose down), 
Oct. F919) ... 76.4—78.1 76.9 4.6 
Oct: 20. 1919 .. 73-378. 1 76.4 26 2.8 
Sept. 21, 1920) «.. 71.6—74.7 F355 7 3.9 
145. 1920: 71.2—74.9 73.9 38 2.2 
Oct. 29, 1920 76.2 17 3:0 


For airspeed trials in which the rotational speeds N of all running engines 
are kept identical, a convenient basis for the comparison of results is provided 
as follows. Under the conditions defined the total airscrew thrust must from 
dimensional considerations be of the form 

T =pv?D?f (V/ND) 

in which D is the diameter of any airscrew and VV may be taken as the forward 
speed of the airship. Over normal ranges of speed the resistaiice (and conse- 
quently the total thrust) may be assumed to follow a square law; hence V/N 
remains constant for trials in which all engine speeds are altered in a specified 
common ratio. Table 15 provides a comparison between a group of such trials 
carried out on R.38, The maximum depatture from the mean V,N amounts to 
about 8 per cent, 
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TABLE 15. 
RUNNING ENGINES AT A LIKE SPEED (R.38). 


Mean Mean No. of ES 

Engine speeds N (r.p.m.). forward Inclina- Observa- 

speed. tion tions of 

No.1, No.2. No.3, No. 4. No. 5. No. 6. V(ft./sec.), V/N (degs.). speed. 
1,800 1,800 fe) 1,800 1,800 79.9 ©.0444 +1.4 34 ) 
1,800 1,800 fo) ra) 1,800 1,800 76.9 0.0427 + 3.3 12 | 
1,800 1,800 1,800 1,800 75.8 c.0422 42.8 6 | 
1,600 1,600 1,600 1,000 72.1 0.0451 —2.1 70 | 

1,600 1,600 fe) fe) 1,600 1,600 70.3 0.0439 +2.1 108 

1,400 1,400 fe) 1,400 1,400 62.3 0.0445 15 43 
1,400 1,400 fe) ra) 1,400 1,400 61.2 0.0437 - 3.0 88 | 
1,400 1,400 re) re) 1,400 1,400 60.9 0.0435 2:3 20 | 
1,400 1,400 fe) 1,400 1,400 60.0 0.0429 +1.8 37 | 
1,000 ——-1,000 J 1,000 1,000 47.2 0.0472 14 J 


The distribution of air speed at various positions along the hull has been 
investigated on several airships. On R.33 the speed was found practically 
constant below the forward car for distances exceeding 20 feet. Within 6 feet of 
the forward drogue hatch, at a point 55 feet from the nose, the local speed showed 
a slight increase never exceeding 4 per cent. of the true forward speed. In a 
corresponding experiment on R.38, however, the local speed never amounted to 
75 per cent. of the true forward speed. Such marked differences are hardly 
surprising in view of the fact that the airflow in the vicinity of the bow of an 
airship is critically dependent upon both the hull curvature and the attitude of 
the airship. For more detailed information under the present heading reference 
should be made to the original reports on the individual airships. 


(4) Measurements of Normal Force and Pitching Moment 

Organisation and Results (R.33*).—In this country only one attempt has 
Leen made at measurement of the aerodynamical normal forces and_ pitching 
moments on an airship in flight. Such data are of importance in relation both to 
design and theory ; they are amongst the few measurable on full-scale which admit 
an immediate comparison with figures predicted from experiments in a wind- 
tunnel; and are of obvious practical utility to a navigator, in that they enable him 
to judge, with increased confidence, the conditions of trim and equilibrium of his 
airship. The work was carried out during a night flight of airship R.33, but 
the results are by no means complete. However, a curtailed account may be 
given, if only to illustrate the elaborate precautions needed for this class of 
experiment. 

At any stage of steady horizontal flight the areodynamical normal force (mZ) 
balances the normal component of total reserve lift (Fig. 23); whilst the aero- 
dynamical pitching (BM) counteracts the total static moment together with the 
moment due to airscrew thrust. Therefore, in order to effect the requisite 
measurements, an accurate record is needed throughout the test period, not only 
of the speed, altitude, angle of pitch and elevators, but also of the conditions of 
ballasting of the airship. If, for simplicity, the experiments be assumed to 
commence at a time when, with all engines stopped, the airship is found exactly 
in horizontal trim and equilibrium, then, subsequently to that stage, a stringent 
inventory must be kept of the following items :— 

(a4) Amount and position of ballast released. 

(b) Petrol and oil consumption. 
ic) Movement of personnel. 

(d) Gas lift and superheat. 
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Special arrangements were made on R.33 under these several headings. For 
instance :— 

(a) The ballast was water, released from calibrated bags, and an additional 
1,000 pounds of sand, carried in bags at the cruciform girder. 

(b) Readings of the level of fuel in each of the supply tanks were taken 
periodically ; but owing to the need for restrictions on the movements of personnel 
only one observer was allocated for the work. 

(c) Throughout the experimental period, individuals were responsible for 
check notes of their movements relative to the frames of the airship. In addition, 
main records and charts were kept in the control car, 


MEASUREMENTS or NORMAL FORCE ano PITCHING 
MOoMENT on RIGID AIRSHIP R33. 


Charecteristics of Steady Horizontal Flight. 


Note.—Angles, forces and moments are positive as drawn in the figure. 


Positions are expressed in terms of rectangular co-ordinates, referred to the above 
system of ares. 


(d) One thermo-couple was available for measurement of gas temperature, 
and the allowance for superheat under such conditions must necessarily prove 
uncertain. Throughout the period of test the airship was flown below pressure 
height ; consequently no gas was lost. In the reduction of results, however, an 
estimate is entailed of the gas content of each bag at some datum stage of the 
investigation. Such figures were ascertained by an experienced member of the 
crew—although only in the routine manner—by visual estimate. 


Fig. 24 may be taken as representative of exceptionally good experimental 
conditions, the altitude, pitch and elevator angle remaining tolerably constant 
throughout the trial. With the airship flying at a smaller mean angle of inclina- 
tion, the variations were apt to prove considerably more pronounced. The 
changes of lift and moment incurred under the various headings since the initial 
equilibrium condition (Expt. 1) are reviewed in the following tables :— 
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FIGURE 24, 
MEASUREMENTS or NORMAL FORCE AND 
PITGHING MOMENT on RIGID AIRSHIP 
Altitude, Pitch, and Angie of Elevators. 
Altitude~ 
+ 2400 
| | Expt 14 
5 
< 
oO -4 Pitch—~_ 
me) 
ale Elevotors~ 
04.37 04.38 04,39 04,40 OA 
Time (hrs. min) 
24. 
Mean speed 60.5 (ft./sec.). 
pitch 6.2 degs. down by nose. 
- elevator angle 6,0 degs. up. 
TABLE 16. 
CHANGES OF Lirt For THE Various EXPERIMENTS. 
Total Change 
Totai* Consumption* of Litt Total 
Ballast ot Petrol due to Static 
Released and Oi. Superheat Lift Votal lift 
Expt. No. (Ibs. j. (its.). (Ibs. ). (ibs.). V2 
2 oO 125 — 268 —143 0.04 0.04 
3 o 198 + 208 - 466 0.07, oO. 
4 200 ' 22 53 1,156 0.16. oO. 
5 600! 616 668 1,884 0.34, oO. 
6 1,000! 782 668 2,450 O43. oO. 
7 1,000 845 534 2.379 0.3 
8 1,000 029 208 2,197 0.97 0.97 
9 1,000 1,408 134 2,542 0.98 oO. 
10 1,000 1,447 2,447 0.43: oO. 
II 2,996 1,492 re) 4,488 0.83 Oo. 
12 (a) 2,996 — 268 4,301 1.85 I. 
12 (b) 2,996 1,587 4,315 1.8 
3 2,990 1,043 534 4,105 0.73 0.7 
14 4,543 1,782 334 5,991 1.24 1:2 
15 4,543 1,862 - 268 6,137 2.16, 2-5 
Since 23.50.00, May 23rd, when ship was in equilibrium (Expt. 1). 
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Total 
Moment Moment change 
due to due to Moment Moment of static 
release of Petrol due to due to moment me 
ballast. and oil Personnel, (ias, Fotal 
Expt. No. (Ibs. /ft.). (Ibs. ft.) (ibs. ft.) (ibs. (Ibs, ft.). 
2 o 300 5,850 44,850 50,400 14.1 
1,550 4,900 re) 6,450 
4 65,600 8,050 5,400 24,900 103,950 
5 1gb,800 12,450 4,geo 5,000 209,150 38.0 
6 328,000 11,C0O 42,050 14,950 282,000 48.9 
7. 328,000 11,goo 30, 100 13,750 323,550 
328,000 14,700 24,9CO 49,700 208,100 118.0 
y 328,000 1353250 225,350 114,200 1,800 0.7 
10 328,000 13,150 224,000 54.550 62,600 
il 12,550 14,800 225,250 - 128,goo + 326,800 60.5 
12 (a) 20,550 - 22,650 225,400 + 445,100 + 627,300 270:0 
12 (b) 19,100 21,750 + 224,800 + 376,200 + 500,150 + 241.0 
13 - 13,950 19,100 + 268,8co0 178,750 + 414,500 
14 28,800 23,450 + 307,800 + 282,400 5371950 + 111.0 
15 — 36,950 — 30,200 + 308,go00 + 470,000 + 711,750 251.0 
Neglecting moment due to thrust of airscrews. 
It will be seen the change of gas lift due to superheat reached a maximum 


and 
air 


of about 668 pounds during the period covered by Expts. 5 and 6, 
amounted then to about 30 per cent. of the total static lift. Later, the 
temperature was in excess of the gas temperature, and the decrease of lift due 
to this cause reached a value — 534 pounds. Clearly, in view of the uncertainties 
attending the measurements of superheat, no great reliance can be placed upon 


the figures for total lift during the earlier experiments. 


COMPARISON BETWEEN MEASUREMENTS ON 


TABLE 


18. 


AND OIN THE WUIND-TUNNERL. 


Mean 
Mean Mean 
Speed Pitch Angle Normal Force. Moment. 
6 mL V2 BM/¥2 
No, (degs.). (degs.). Full scale, Predicted. Full seale, Predicted, 

2 59.8 O.4 1.8 0.04 O.17 — 17.7 35 
2 78.4 0.5 2.0 0.08 0.04 20.1, 15 
4 83.5 0.0 2.9 On07 0.07 160.4 25 
5 74.1 0.6 0.34 6.8 + 25 
75-3 0.8 7.9 0.43 0.17 30 
7 79.0 O12 6.8 0.38 0.00 19.6 50 

47.6 0.97 0.51 86.3 80 
50.9 2.8 9.4 0.98 0.51 44 
10 7550 i. 5-8 0.43. 0.24 19.8 25 
7.8 0.83 0.55 92.0 — 60 
12 (a) 48.2 9.5 3.2 1.82 1.66 309.4 330 
12 (b) 48.2 8.1 0.2 [08 1.41 279-3 — 270 
13 75.0 <i er 0.723 0.70 104.8 110 
14 60.5 6.2 6.0 1.23 1.23 144.5 150 
15 53-2 -- 10.0 2.6 20:2 1.84 203. 330 


mZ=acrodynamical 


normal force (lbs. 


BM =aerodyvnamical pitching moment (Ibs. ft.). 
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The final four columns of Table 1S provide a comparison of the measured 
normal forces and moments with corresponding values deduced from experiments 


wind-tunnel, Although the full scale figures for foree are on the average 
appreciabivy in excess, yet for a number of the later experiments, undertaken at 
the larger angles of inclination, the agreement is fairly satisfectory. In the case 


of the pitching moments, the discrepancies are, in general, less) pronounced, 
amounting in several instances to less than six per cent. If any judgment is to 
be passed on the figures, the fact should not be overlooked that the measurements 
made on this fight were originally intended to be preliminary to a more compre- 
hensive investigation. The results are neither systematic nor conclusive, but the 
experience which has been gained of somewhat novel experimental conditions 
should in the long run prove valuable. 


Experimental Conditions and Organisation 

Reference to the Synopsis of Appendix |. shows that the total time occupied 
by the flights under review amounted to some 330 hours. !n case it should be 
argued that the results obtained were disproportionate to the flying facilities, the 
contention may be put that flving facilities are not necessarily experimental 
facilities. Many of the flights were devoted to bona fide experiments. With 
others, however, the airship was bound for some definite destination—or, alter- 
natively, encountered adverse weather, so that the exigencies of navigation 
practically prohibited any useful official or improvised investigation. 

The 26 hours’ flight of Airship R.33, carried out on \ugust 12-13, 1919, 
suggests an illustration of the one class. It was undertaken solely for experimental 
ends, and the programme was assisted by remarkably steady summer conditions 
off the coast. .\ serutiny of the original notes and records shows that on this 
particular occasion 18 turning, three deceleration and five petrol consumption 
trials were carried out, in addition to numerous minor investigations. The overall 
time devoted to actual reading of instruments amounted to about 50 per cent. 
of the total time in the air. In practice this figure proves well above the average 
for long duration flights. 

A flight of R.j32, commencing on the night of November 13, 1919, and 
extending to 15 hours, provides a sufficiently striking contrast, and forcibly 


exposes the influence of weather upon experimental work. Abnormally cold 
conditions were certainly anticipated, since at 9 p.m., when Pulham was left, the 
air was clear and frosty. The airship was bound for the south coast, and was 


held to a definite course, in’ view of which requirements the programme = was 
restricted to measurements of airscrew thrust by the method already described. 
It will be remembered that this method devolves essentially upon the use of pitot 
tubes. At 2 a.m. on the following morning, over the Isle of Wight, the airship 
ran into a bank of freezing fog, which was blowing up rapidly from the sea. Ina 
short time ice had deposited in the pitot tubes, and the experiments came abruptly 
to aclose. For the remainder of the night the writer remained with Mr. Pannell 
shivering in what was judged to be the least draughty part of the airship—namely 
the tail. Even here the discomfort was considerable owing to the rapid deposition 
of snow, which blew im steadily from the cockpit. Before 7 a.m. the temperature 
dropped to 28°R., aad the outer cover of the airship assumed a somewhat unusual 
appearance, owing to its having become plastered with ice and frost feathers. 
The effect on such wires as were exposed to the open was. striking : actual 
measurement on a typical wire showed that the diameter had increased from 
0.07 inch to 0.7 inch, due to the formation of ice on the upstream side. So widely 
and rapidly had the fog distributed itself over the country, that no determination 
of position was possible until daylight, when, by means of such primitive artifices 
as a megaphone conversation with an carly pedestrian and a close perusal of 
sign posts, a way was felt back to the base. 

Other examples could, of course, be cited of flights which proved practicalls 
useless for experimental work. However, without labouring such questions 
further, the writer would urge that if the maximum output of results is required, 
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consistently with expedience and economy, then experiments should be reserved 
for experimental flights, and should not be insinuated into routine flights, to be 
conducted despite the exigencies of navigation. 

Perhaps the most insidious of the troubles attaching to full scale research 
on airships is the difhiculty of detailed organisation. Clearly, one person only 
should ultimately be responsible for the proper conduct of the experiments. — In 
his capacity as investigator-in-charge, he must at all moments be in a position to 
recognise and control the course of the work. This entails some sound. pre- 
arranged basis of administration. With certain classes of experiment, such as 
turning trials and pressure measurement over the fins, reliable and instantaneous 
communication between the control car and the tail is essential for success. 
Yet it is safe to say that on airships within the writer’s experience the telephone 
was more often inoperative than in any degree of adjustment. The possibility 
of failure in such lines of communication would clearly be accentuated with more 
widely distributed work, such as pressure measurements over a hull. 

In the past the following routine was adopted. Each observer referred his 
records to his own chronometer watch; but the precaution was taken to synchro- 
aise individual watches with some standard (e.g. the ship's clock) at intervals 
during the flight. These time comparisons should extend to the watches or clocks 
used in conjunction with the engineers’ logs, which latter are useful in the event 
of a doubtful entry being made in the control car of a change of engine speed. 

A) few miscellaneous details may be mentioned by way of completeness, 
although they are unlikely to escape notice in practice.  Inclinometers are not 
aways in perfect adjustment, and, for tests which demand an accurate knowledge 
of the angle of inclination, these instruments should be calibrated in position 
before flight. Periodic calibrations of speed or pressure indicators of diaphragm 
wpe against some standard gauge are, of course, absolutely essential, and no 
reading of pressure should be accepted as reliable unless it is indicated whilst: the 
instrument is still being gently tapped.* Tf the rotational speeds of the airscrews 
are required, or are likely to prove pertinent to the experimental results, the 
accuracy of the tachometers should be verified. Finally, in) connection with 
turning trials, the angle scales fitted with the locking equipment aft, should be 
calibrated, not against the helm, but against a special protractor mounted on 
the hinge of the rudders. 


Some Conjectures as to the Future 

An occasional indication has already been given of certain directions in which 
improvements of apparatus or experimental technique are desirable. The present 
concluding section is intended to serve as retrospect) on such possible 
developments, and to draw them into somewhat more ordered line with reference 
to future research on full scale. 

A case in point centres in the measurement of variable speeds or pressures. 
The possibilities of hot wire anemometry have already been mooted in connection 
with deceleration tests. On the other hand, electrical methods cannot be 
advocated indiscriminately ino relation to pressure plotling, owing to the multi- 
plicity of circuits required in parts of the airship not necessarily isolated from 
gas. It is, therefore, difficult: to foresee how any entirely satisfactory experi- 
mental technique will be devised for the measurement of rapid fluctuations of 
normal pressure such as, for instance, accompany the incidence of gusts on the 
hull or the fins. On airsiips of the future the extensive application of electrical 
methods may not be viewed as objectionable. However, an excursion into the 
possible fields of future research on future airships is not intended. The con- 
jectures must here be restricted to airships of present-day design. Subject 
to this understanding, it would certainly appear that accurate measurements of 
normal pressure on a comprehensive scale under markedly unsteady conditions 
are barely practicable on an airship. Reference has also been made to the 


* For detailed information as to the use and design of various types of manometer see [23]. 
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deficiencies in existing types of vaw meters, and it is possible that satisfactory 
results will be obtained, even under variable conditions, with the use of a flying 
hot wire velocity meter. 

Another field for useful advance is the development of suitable forms of 
tension or thrust meter. The application of the method of pressure difference to 
the determination of airscrew thrust on full scale is still in its infancy, but it is 
possible that a more direct basis of measurement will prove more expeditious. 
A tension meter might well assert its value in relation to researches on the hinge 
moments acting on the control surfaces. It will be remembered that the earlier 
flights of Airship R.38 were devoted to an inquiry of this nature ; but the measure- 
ments were purely qualitative, and depended upon personal judgment of the 
effort entailed in manipulation of the helm. .\ | quantitative knowledge of the 
hinge moments for various types of steady manoeuvre would provide novel data 
for comparison with results of wind-tunnel tests; whilst similar data secured 
under gusty conditions would certainly prove acceptable to the designer. 

An elaboration of force meter methods might permit a reasonably accurate 
determination of the forces and moments when an airship is held at the mast. 
Since a technique of measurement, analogous in many respects to that used with 


a wind-tunnel, could probably be devised, the range offered for researches of this . 
class would appear to be practically limitless. The work would naturally extend Hl 
to an investigation of the distribution of wind velocity between the ground and rs 
the airship. Under favourable circumstances a comparison with the results of a 
wind-tunnel tests, faithfully simulating mast-mooring conditions, might be 
possible. In general, however, the measurements would appeal more directly to Ba 
the designer, who wili in the future expect some guidance as to the full acro- = 
dynamical effects entailed when an airship is moored out in exacting weather. = 5 

Special tests of the foregoing class, restricted to dead calm, would prove 4 
supplementary to experiments on normal force and pitching moment carried out | a = 
in fight. This branch of the werk includes measurements made at night of the [Zz & 
static righting moment on the airships with the gas-bags and, perhaps, | 
75 per cent. tull, and further investigations during daytime of the changes due J g © 
to superheat. In conjunction with the latter research an examination would be | ¢ 2 
profitable of the distribution of temperature inside a representative gas-bag, ¥ 
concerning which little is known at the present day. - 

It is probable that future airship programmes will extend to investigations 3 
of the types of flight which result) from known periodic manoeuvres with the 
controls, The importance of such trials in relation to theory has already been % 
urged at length by Dr. Jones,* and a detailed repetition here is unnecessary. A 9 
representative experiment of the class is one in which the rudders are forced in g 
simple harmonic motion; and in order to provide a full comparison with theory, ” 


measurements on full scale will be necessary of the changes of angular velocity 
and angle of vaw of the airship. 

In conclusion it is desired to revert briefly to the experimentai uses which 
might be suggested for airships of a particular type—namely those which have 
become condemned and due for deletion. The reliability and significance of 
comparisons between results obtained for model and full-sized aircraft are 
uninfluenced by the circumstance that particular forms of body are no longer 
up-to-date. That a designer would eschew any rigid airship which was deprived 
of its upper fixed fin cannot be adduced as an objection against such trials as 
were undertaken on R.29. A precedent has aiso been set with an airship of the 
23 class, which was flown, prior to destruction, with one of its cars removed. The 
writer would go further, and urge that even the most grotesque modifications 
are permissible to the structure, provided that some novel comparison with theory 
or wind-tunnel data is reasonably sure to accrue. At the moment, detailed pro- 
posals with reference to this class of test are almost unnecessary. Ingenuity and 
imagination could supply so varied a list, that the definite programme may well 
be left until the time is ripe for the work. 
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PARTICULARS 


VARIOUS 


Overall Maximum 
Length Diameter 
ip. (it.) (ft.) 
535 
539°5 53 
539-553 
539°5 53 
O14.4 05.0 
O44 79 
699 85.2 
107 ay 


ROYAL ALRONAUTICAL 


OF 


ol 


-O5, 
rele) 
-06 
203 
18, 
gO 


| 
8 
| 
=| 
| eld 
{ S 
8 
| 
-+4-+ ++ | 
i 
| 


Paying 
leaves arshm 


THE 


XK KKK HK 


) 


Displacement 
Hull 
({t. 


SOCIETY 


RELEVANT .\IRSHIPS, 

Area of Stablising Surfaces (it.*). 
Total Total Total Total 
Fixed Fixed Movable Movable 

Vertical Horizontal Vertical, H'zontal, 
1339-1400, 450,480 
1275 1263 25 425 

972 1263 425 425 
643 1203425425 
300 1368 408 528 
1410 1Q1O 470 570 
2080 2370 620 700 
33 330 7° 


264 Ft 


614-4 Ft 
Airship R.32. 


1o' 

10° 

R.20) I 

R. 29 I I o" 

R. 32 10° 

4 R.33 2 10" 

R.38 2 10° 

-t- 

| | | WW) 

2% 

= 

8 

| 

| 

| 

| IN | 

| 

8 

= 


EXPERIMENT 


AIRSHIP AND FULL-SCALE 


THE RIGID 


(zg) 


92” 


q 
| = = 
a 
|: 
| | 
| 
| 
a 
| 


458 


THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


APPENDIX III. , 
List OF REFERENCES. 


“The Aerodynamical Characteristics of the .\irship as deduced from 
on Models, etc.’ (Jonesj—R..Aé. Soc. Journal, 1924. 

Flight in Rigid \irship R.26."" (Pannell)—R. & M. 537. 

“Account of Some Experiments on Rigid \irship R.26."" (Pannell and 
IFrazer)—R. & M. 674. 

“On a Method of Estimating from Observations in the Slipstream of an 
Airscrew, the Performance of the Liements of the Blades.”’ (Stanton & 
Miss Marshall)—R. & M. 460. 

‘Experiments in a Wind Channel on Elongated Bodies of Approximately 
Streamline Form. Part II.’ (Pannell and Jones)—R. & M. 607. 

‘Experiments on Rigid Airship (Pannell and Frazer)—R. & M. 608 

* Experiments on Rigid .\irship R.2¢ (Panneli and Bell)—R. & M. 675. 

“Experiments on Rigid Airship) R.32.) Part 1." (Pannell, Frazer and 
Bateman)—R. & M. S11. 

“Experiments on Rigid Airship R.32. Part IL.’ (Pannell, Frazer and 
Bateman)—R. & M. 812. 

‘Experiments on Rigid Airship R.32.) Part (Pannell, Frazer and 
Bateman)—R. & M. 813. 

Experiments on Rigid Airship R.32.) Part EV." (Pannell, Frazer and 
Bateman)—R. & M. S14. 

Preliminary Experiments on Non-Rigid Airship S.S.E.3. 100,000, ete. 
(Pannellj—R. & M. 693. 

‘Preliminary Experiments on Rigid \irship R.36 (Pannell, 
Frazer and Bateman)—.\e. Tech. 93. 

‘Measurements of Normal Force and Pitching Moment on Rigid .\irship 
(Frazer and Bateman)—R. & M. 815. 

“Experiments on Rigid Airship R.38 (Z.R.2)."° (Frazer and) Bateman)— 
R. & M. 764. 

“The Pressure Distribution over a Model of the Hull of Airship R.33. 
(Jones and Bell)—R. & M. Sor. 

“ The Distribution of Pressure over the Surface of \irship) Model U. 721, 
with a Comparison of the Pressures over a Spheroid.”’ (Jones and 
Williams)—R. & M. 600. 

“On the Transmission of \ir Waves through (Simmons and 
Johansen)—Phil. Mag., 1925. 

“Pressure Plotting on Fin and Rudder of a Model of R.32."’ Williams and 
Bell)—R. & M. 808. 

“Report on the Accident to H.M. Airship R.38 by the Accidents Investi- 
gation & M. 775. 

“The Northerly Turning Error of Compasses in) Aireraft.’’ (Rowe)— 
R. & M. 875. 

“Experiments with Model Airscrew when Mounted Behind a Model of a 
Power Car of Airship R.32."° (Fage and Howard)—R. & M. 682. 
“The Measurement of Fluid Velocity and) Pressure.’’ (Book). By J. R. 

Pannell (Edward Arnold and Co.). ; 

“The Prediction of the Resistance of Rigid Airship R.33.°° (Frazer and 
Gadd)—R. & M. 827. 

“The Drag of Zeppelin \irships.”’ (Munk)—-Report No. 117, U.S.A. Nat. 
Adv. Comm. Aero. 


NO’ 
1. 
4. 
= the 
th 
Q- 
cx 
IQ, 
te 
to 
an 
ol 
di 
14. 
2 
10. 
a Ol 
a 
\ 
1g. 
20. 
a 
was 
24. 
ate 


OM 


NOTES ON THE FLYING QUALITIES OF THE LIGHT AEROPLANE 450) 


NOTES ON THE FLYING QUALITIES OF THE LIGHT 
AEROPLANE COMPARED WITH LARGER TYPES 


BY SQUADRON LEADER R. A. DE H. HAIG, A.F.C., R.A.F., ASSOC, FELLOW. 


| Introductory 

At the request of the Secretary IT have attempted to prepare some notes on 
the flying qualities of the light aeroplane as compared with those of its larger 
prototype. 

I am indebted to the ir Ministry for the facilities granted me in preparing 
these notes, but at the same time it must be understood that in this paper IT am 
expressing entirely my own personal views. 

It is essential for the purpose of this paper to find some definition of the 
light aeroplane and I have therefore taken the machine as typified by the last 


-two Lympne meetings to be a light aeroplane, and anything outside this category 


to be a large aeroplane. When it is realised that the Sopwith pup, the Virginia 
and the Avro Aldershot are all included in the second category, the difficulty 
of adequate comparison of the two types is at once apparent. ‘There are, how- 
ever, some fairly distinct lines of difference between the two types, and these 
differences T have endeavoured to put forward in these notes. 


2 General 

Apart from scale, the general appearance of the light aeroplane is often in 
no way unusual, and one’s first impression is possibly that of looking at an 
ordinary aeroplane through the wrong end of a telescope. Once inside the cockpit 
this idea takes to itself an even greater measure of reality. The only thing 
which has not become smaller and more tragile is the pilot himself, and he has, 
at once, emphatically to realise the delicacy and frailty of all parts of the structure 
with which he comes into contact. Hands and feet have to be placed in position 
with great care and knowledge, if injury to the structure is to be avoided, as 
there are few places which will safely take his weight. 

This latter is a point of some significance to designers of light aircraft. 
The reduction of weight gained by undue cockpit. frailty is a questionable 
advantage, and some strengthening ts inevitable if easy accidental damage is to 
be avoided in future designs. 

Inside the cockpit the pilot finds himself somewhat cramped; this does not 
apply to all light aeroplanes, and the Cranwell two-seater is a notable exception. 

Again the pilot notices the absence of numerous instruments which he has 
probably long regarded as a sime qua non on an aeroplane. [Even the number 
of controls has been reduced and there is often only a throttle lever and a petrol 
tap, and the latter, in the interests of weight-cutting, 1s occasionally so distant 
and so hidden as to be forgotten. 

Another rather striking point which is very noticeable is the staccato noise 
of the engine exhaust owing to the small number of cylinders. The engine speed 
as shown by the revolution indicator is generally higher than the pilot is 
accustomed to, and engine speeds of 2,500 to 3,000 r.p.m. on the ground are 
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fairly common. As a rule, too, the engines do not throttle down nearly so well 
as those on larger types, but this is by no means universal. 


3 Starting 


The difficulty of starting these engines is inclined to strike the pilot rather 
forcibly ; while it cannot be said that all these engines start badly, it is often a 
fact that they are recalcitrant. No doubt this point will be improved as time 
goes on. The pilot, however, misses the usual mechanical doping operation as 
opposed to the more primitive petrol squirt. He also notices that the engine 
generally runs much faster when warming up that seems normal with the larger 
types. 


4 Take Off 


When waving the chocks away for flight from a good aerodrome, the pilot 
finds that there is not a great difference between the light aeroplane and a 
heavily-loaded large aeroplane. The length of run is approximately the same 
and the climb after take-off is very similar. The effect of a rough aerodrome 
surface is, however, much more noticeable with the light aeroplane. 


In the air the pilot is, as a rule, at once struck by the lightness and 
responsiveness of the controls. On a large and heavily-loaded aeroplane there is 
nearly always the feeling that a crash is probable if the engine cuts out while 
taking off, unless one is taking off from a perfect aerodrome. As a contrast to 
this the pilot of the light aeroplane takes off with the utmost confidence that, 
in case of engine failure, he will be able to manoeuvre his machine so as to avoid 
any really serious damage. This case is upheld by the experience of the last 
Lympne meeting, when, notwithstanding the extraordinary number of forced 
landings, extremely few instances of injury to the aeroplanes occurred. 


5 Control 


It is on the score of manoeuvrability that the light aeroplane really excels. 
As a rule its controls are far superior to those of the large aeroplane at 
corresponding airspeeds. 

The most significant factor to consider in connection with control is | the 
extreme lightness of loads on the control! stick and rudder bar. Even an out-ol- 
trim condition, which would make a larger aeroplane unmanageable owing to 
control stick loads, would be scarcely noticeable on a light aeroplane and quite 
possibly the pilot would not be aware of this condition. As an interesting example 
of this I quote the instance recently related to me by Flight-Licutenant Bulman 
of a pilot, accustomed to heavy stable types, who was flying a light aeroplanc 
for the first time. Experience had taught him that when there was no load on 
the control stick the aeroplane was flying in trim. On this basis he assumed, 
possibly almost unconsciously, that fecling a negligible load on his hand, the 
light aeroplane was consequently in trim. On releasing the stick for a moment 
to wave to friends on the ground, he realised his mistake when the aeroplane 
instantly put its nose down, and it was only by a rapid action that he succeeded 
in regaining control before reaching the ground. 


It must be remembered that the lightness of the control is a potential source 
of danger on the light aeroplane. A pilot is largely influenced by ‘* feel’? when 
flving a large acroplane, and it is to a large extent feel which limits his control 
movements when making changes of attitude at high speed. On the light aero- 
plane the feel is relatively light throughout the speed range and the force actual 
required on the controls to produce serious stresses would be usually of small 
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significance on the large aeroplane. [t is of great importance to remember that 
the variation of control stick and rudder bar loads over a considerable speed 
range may be so small that a change may not be easily determinable to the pilot 
in terms of speed. In addition the pilot has to remember throughout that what 
may be low indicated cruising speed for a large aeroplane will be a high speed 
for its light prototype. This point has special application when acrobatics is 
considered. 

It is doubtful, in my opinion, whether balancing in any form is desirable 
on light aeroplanes. The only light aeroplane with any balanced controls which 
I have flown had a full floating tail plane. It was extraordinarily easy to alter 
the attitude quite unintentionally at any speed, and as a consequence the aero- 
plane was made very difficult to fly. Incidentally I believe this is the common 
experience with this type of control on large acroplines, and therefore I imagine 
that the floating tail in question may have been fitted for other reasons than 
control considerations. 

Another effect which influences a pilot to a limited extent while flying is 
the actual noise. If, for example, he is constantly flying one type, then he is 
able, from the singing of the streamline wires, roughly to estimate his speed. 
Consciously or unconsciously this oral indication of his flight conditions becomes 
significant to the pilot. It may be that until he flies another type where the 
sounds are totally different he does not fully realise how significant they are. 
On the light aeroplane the noises are entirely different; often it is an unbraced 
monoplane, and even if a braced biplane the wire lengths are very much smaller, 


«and the small propeller diameter produces different slipstream conditions, apart 


from different engine noises. 

As a consequence of this noise effect and the reduced significance of feel, the 
pilot should probably rely much more on his instruments than he normally does 
on larger aeroplanes. 


6 Control at Low Speeds 


On most of the light aeroplanes J have flown I have found it extraordinarily 
dificult to determine the approach of a stall other than by instruments. The 
force required to overcome the friction in the controls is at this point so com- 
saratively large that the sense of feel may almost disappear. In at least one 
instance a considerable improvement was effected by increasing the gearing 
between the pilot’s controls and the ailerons, ete. This was done so that the 
total loads on the control stick and rudder bar were considerably increased. 
To my mind this made the aeroplane far safer to fly, although possibly not 
quite so pleasant. 

It must be remembered that the height at which a stall can be safely carried 
out and recovered from is very much reduced. Whilst on most large machines 
an intentional stall under 5ooft. is rather foolhardy, on light aeroplanes one can 
safely carry out a stall at 150-200 ft. given reasonably good controls. In fact, 
it is possibly this point of difference which strikes one most of all when flying 
light planes. 

I hold the opinion that there is a large field for investigation into the question 
of control near the stall in light aeroplanes. 1 think that the yawing due to 
aileron drag has a much more marked effect in the case of the light aeroplane 
than on others. This would undoubtedly be an interesting point for investigation 
i a research on the controllability of light aeroplanes at low speeds were 
instigated. 

It is no doubt this consideration which has led certain designers to fit 
larger rudders than one would at first sight expect to be necessary for aircraft 
of this size. As an example the D.H.53, which has very good rudder control, 
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has a rudder which appears to be unusually large in proportion when compared 
with large aeroplanes. 

It is generally possible to fly large aeroplanes with considerable confidence 
at speeds approaching the stall when using engine. I doubt whether this applies 
equally to light aeroplanes. This point is possibly generally overlooked because 
the light aeroplane stalls at a speed considerably below that of the large aeroplane, 
and in consequence in the neighbourhood of the stalling speed of the latter the 
light aeroplane is easily controllable. © This has possibly led to an idea that 
the light plane is especially controllable near the stall. 


7 Engine Off 


There is a considerable difference between the conditions of engine on and 
off between the two types of aircratt. On a large aeroplane the effeet on the 
trim of opening up the engine is often very marked, but on light acroplanes 
with poor acceleration and small slipstream areas the effect is very much less 
noticeable. remember on one occasion making a good landing spite ol 
opening the engine full out while attempting to Ay slowly near the ground. 
While such an evolution is certainly possible on larger aireraft, 1 cannot. say 
that IT have ever actually done it and consequently have not noticed the effect 
before. 


8 Landing 


I think that to a pilot landing a light aeroplane the lack of difference between 
it and a large one under certain conditions becomes most noticeable. When 
making an average landing on a light aeroplane the effect is that of landing 
an ordinary aeroplane in a strong wind, owing to the similar ground speed in 
each case; this obviously makes this evolution exceptionally easy. 


9 Taxying 


At first one thinks that light aeroplanes, with their low stalling speeds, will 
be very difficult to taxy in a wind or on rough ground. In practice this is by 
no means the case; often they are extraordinarily easy to taxy and to handle 
on the ground, notwithstanding the small diameter wheels often used. Possibly 
a great factor in successful taxving is the very low wing position relative to the 
ground, but the light load on the tail skid is no doubt an important contributory 
cause, 


i0 Forced Landings 


When considering forced landings the light aeroplane strikes the pilot as 
the ideal machine for such an occasion. Its manoeuvrability and slow speed 
and consequent quick pull are enormous assets in giving the pilot confidence 
when flying over bad country. It has to be realised, however, that it is not 
enough to get down safely into a small space; it usually is necessary to consider 
taking off again after effecting the necessary repair. While its manoeuvrability 
once again is an asset, its bad acceleration and climb are features which cannot 
be disregarded. It is generally feasible to fold the machine and wheel it to a 
more convenient field if necessary. 


Il Uses 


It appears to me that the only serious difficulty in the way of the use of 
the light plane as a training machine is the psychological one. Tf a pupil, after 
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a few hours’ flying on an Avro, were asked to take up a large and high-powered 
aeroplane, he would probably be thoroughly frightened at the idea. Actually 
the main difference between the flying of these types is largely a psychological 
problem, but it may be a serious difficulty nevertheless, and | would again draw 
attention to Flght-Lieutenant Bulman’s story related above. 

This dithculty would probably apply to an even greater extent if pupils were 
first trained on a light aeroplane. Nevertheless, I am of the opinion that the 
light aeroplane has great potentialities as a preliminary training machine. Apart 
from the considerable reduction in cost there is a greatly reduced risk of crashing 
and ef serious accidents, and this in time should be a valuable asset in gaining 
the confidence of the pupil. 


In this connection IT should like to suggest that for training purposes the 
controls of the light aeroplane should be made to resemble more nearly those ol 
the large aeroplane from the standpoint of feel. This should be fairly casily 
accomplished, or at least largely assisted by an alteration in the gearing, 


For the private owner the light aeroplane has considerable value. Its 
carrying capacity is, of course, very limited, and with a passenger or much load 
its climb from the ground is poor. 


One has also to remember the comparatively large change of C.G. which 
can be effected on this type of machine by the incorrect placing of a few pounds 
in the fuselage. Such a change of C.G,. makes a big difference to the trim ol 
these machines in the air and often makes all the difference between getting of! 
and staying on the ground through inability to get the tail up. 


There is a further disadvantage that if fuel for any length of time is required, 
even less luggage can be accommodated. When one realises that often only 
one hour's fuel is provided, it is obvious that, at, say, 50 m.p.h. airspeed, the 
aeroplane has a very limited range, more particularly in a strong wind. 


From the point of view of handiness on the ground and housing, the light 
aeroplane, especially the monoplane type, seems to be exceptionally well equipped 
compared with the larger machines, and the pilot need have no qualms about 
the lack of hangars, ete. 


Apart from these essentially practical uses, there is, I believe, another field 
of usefulness for the light acroplane, and this I would like to put forward for 
the consideration of those engaged in aerodynamic research, 


Full scale experiments are in general very expensive and may on occasion 
be dangerous ; as a consequence it is usual to carry out investigations into new 
aerodynamic features by wind channel experiments. Unfortunately the full scale 
application of these results usually presents special difficulties. 1 would suggest 
that a valuable aid to such development work might be obtained by the intro- 
duction of the light aeroplane as an intermediate stage between model and 
full scale. In putting forward this suggestion I fully recognise the many difh- 
culties which lie ahead. The light aeroplane could never be a model of the 
large one in any accurate sense. There would probably be considerable 
difference between the controls needed each case, scale effect probably 
demanding larger control surfaces on the light aeroplane. The extreme lightness 
of the controls on the model would, too, be a factor of great importance. Then, 
too, the engine could never be a scale model of the larger engine and considerable 
difficulty would be likely to arise over propeller diameter and consequent  slip- 
stream effect. 


Nevertheless I feel that by this means the cost and risk of such work 
would be much reduced and the work itself fostered and encouraged. 
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12 Conclusions 


In general, while the pilot finds that many things which on larger machines 
make for safety, such as dual magnetos, complicated petrol svstems, numerous 
carburettors, cylinders, ete., are not found on light aeroplanes, vet their handi- 
ness in the air, their manoeuvrability, and last but not least their slow controllable 
speed, are a really much greater insurance against crashing than any number of 
safety devices. 
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